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CHAPTER I 

ACTION OF STEAM IN STEAM TURBINES 

The extensive use of electricity in recent years, for power and 
lighting, has created new requirements in the design and construction 
of prime movers for the driving of electric generators. As a result, 
hydraulic machinery has been improved and adapted to this purpose, 
and the high-speed reciprocating engine, of the direct-connected type, 
has come into general use. The most important advance, however, 
along this line has probably been in the development of the steam 
turbine. 

The steam turbine is especially adapted to central station work for 
the following reasons: It has a high speed, with close regulation; 
it gives high economy under variable loads; it works under conditions 
of practically adiabatic expansion of steam, the ideal condition sought 
for in the design of all steam engines; it eliminates cylinder ^conden- 
sation, because the passages through which the steam flows are always 
at practically the same temperature; it has no reciprocating parts, 
with rubbing surfaces to be lubricated; it produces no vibration which 
calls for expensive foundations; and finally, the floor space required is 
much less than for a reciprocating engine of the same power. 

On the other hand, certain characteristics which adapt it especially 
to electric plant service make it unsuitable for general power work. 
These are as follows: It runs at a constant speed; it is not easily 
made reversible; and it operates at a normal speed so high that its 
power cannot be transmitted to other machines by ordinary methods. 

Preliminary Theoretical Considerations 

Before taking up the theory of the steam turbine, it may be well 
to give a few definitions, and explain briefly some of the more impor- 
tant principles in mechanics involved in its operation. 

Work is commonly defined as the result of force acting through 
space. The rate at which work is done is called power. 

Energy is the ability or power to do work under certain conditions. 
Energy manifests Itself In various forms, the most common in me- 
chanical operations being energy of motion, or kinetic energy; energy 
of position, or potential energy; heat energy; and electrical energy. 
Kinetic energy may be Illustrated by a current of water flowing 
through an open trough or flume Inclined sufficiently to give the water 
a considerable velocity. If the friction of the water against the walls 
of the flume is neglected, there is no resistance to its movement, and 
therefore no work Is done. If now a paddle-wheel with shaft and 
bearings be supported above the flume In such a manner that the tips 
of the blades enter the water, they will be caught by the current, 
the wheel made to revolve, and work will be done. 
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Thus it is evident that energy may be changed into work if the 
right conditions are present The power or ability to do work was 
present in the running water, but no work was done until the water- 
wheel was placed in its path to effect the transformation. Air in 
motion possesses kinetic energy and may drive a windmill. Again, a 
clock-weight falling toward the earth, with an extremely slow move- 
ment, causes the various wheels of the clock mechanism to revolve, 
and so has its energy of motion changed Into work. 

Potential energy may be illustrated by the power producing pos- 
sibilities of the water in the reservoir from which the supply was 
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Figs. 1 to 8. nitwtimtlons of the Piindplea of Action and lt«actJon 

drawn Into the flume in the first illustration. While the gate was 
shut and no water passing through the flume, the contained energy 
was due to its elevation above the water-wheel. No work was being 
done, but the water had the power of doing work under the right 
conditions. When the gate was opened and the water began to flow 
down the flume, its potential eneigjt was changed to kinetic energy; 
and again, when it reached the blades of the wheel and caused it to 
revolve, a part of the kinetic energy was transformed into work. 

When a clock is wound up, but not put in motion, the weight has 
potential energy only, due to its height; but when the clock is started, 
and the weight begins its downward movement, it has both potential 
and kinetic energy, the former diminishing, however, as- the weight 
descends towards the bottom of the clock. 
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ACTION OF STEAM 5 

Heat energy Is due to molecular ylbration, and is therefore kinetic 
energy. Its transformation into work may take place in various 
ways, the action of the steam or gas engine being the most common 
example. Very little is known of the nature of electrical energy, but 
its change Into work by means of the electric motor Is familiar to all. 

Action and Beaction 
Action and reaction, more commonly called impulse and reaction, 
are best explained by means of a practical illustration. In Fig. 1 let 
3r be a nozzle from which a jet of water is discharged at a high 
velocity against a flat plate P. If both are held stationary, it is 
evident that the effect is a tendency to force them apart, although no 
movement actually takes place. If now the plate be hinged at the top 
and is free to swing. It will be pushed away from the nozzle by the 
impuUe of the jet of water impinging against it, as in Fig 2. On the 
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FUr. 4. J«t of Wmtme Dfaohargrlnff agalnat a Onrred Plate 

other hand, if the plate be kept stationary, and the nozzle made free 
to move by means of a trunnion 7, as shown in Fig. 3, the nozzle will 
be forced back by the reaction of the jet, as shown. 

It should be stated here, however, that the presence of the plate P, 
in Fig. 3, has no effect upon the position of the nozzle, as the latter 
is forced back solely by the reaction of the jet as it leaves the orifice, 
and not by any resistance caused by its striking against the plate. 
Reaction is due principally to an unbalanced pressure within the 
nozzle. It is evident that there is no internal pressure over the area 
occupied by the orifice through which the water is discharged, except 
that due to the resistance of the atmosphere. Hence the internal 
water pressure on an area equal to that of the orifice, and directly 
back of it (see a, Fig. 3), is unbalanced, and tends to force the nozzle 
backward in a direction opposite to that in which the jet is dis- 
charged. 

As commonly defined, impulse is a force acting in a forward direc- 
tion, and reaction an equal force acting in the opposite direction. 
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Effect of Curved Plates 

In Pig. 1 the Jet strikes a flat plate, which breaks it up with a re- 
sulting loss of energy. In Fig. 4 a curved plate Is substituted, of 
such form as to divide the Jet and change the direction of flow, the 
two streams leaving the plate at right angles to the Jet, as shown. 
The pressure against the plate is the same in this case as in Fig. 1, 
and is caused wholly by the impulse of the Jet. The streams of water 
flowing from the plate in lines parallel to its face have ne tendency 
to force it away from the nozzle. 

In Fig. 5 the plate is so curved as to discharge the water directly 
backward toward the nozzle, the direction of flow having been changed 
through 180 degrees; in this case, the pressure tending to force the 
plate away from the nozzle is twice as great as in Fig. 4, because we 
have here not only the impulse of the Jet, but also the reaction of the^ 
water as It leaves the plate. 





Flff. 6. Another Example of Jet DischargiAff against a Carved Plate 

In the examples given for the purpose of illustrating the principles- 
of impulse and reaction, a Jet of water has been used instead of steam. 
This has been done for simplicity, and because water is, so to speak, 
a more tangible medium. The action of steam, so far as impulse and 
reaction are concerned, is practically the same, the only difference 
being in the greater velocity of a steam Jet as compared with a water 
Jet. One important characteristic of steam, not possessed by water, 
is the property of expansion. This is made use of in' the steam tur- 
bine, but does not alter the principle of operation, which is practically 
the same as that of the hydraulic turbine. 

Theory of the Turbine 
It has been shown in Machinery's Reference Series No. 70, "Steam 
Engines," that a reciprocating engine is a machine for transforming' 
the heat energy of steam into work. A steam turbine accomplishes 
the same result although in a somewhat different manner. In the 
former machine the heat energy is changed directly into work by ex- 
erting a static pressure upon the piston, causing it to move forward 



Digitized by LjOOQIC 



ACTION OF STEAM 



and backward, thus giving, by means of the crank, a rotary motion to 
the shaft. The amount of energy so obtained from the steam is in- 
creased by expanding the steam in the cylinder, thus lowering its 
pressure and causing it to give up heat which is transformed into 
work. 

The turbine, unlike the reciprocating engine, makes use of the 
velocity of the steam instead of its static pressure. The heat energy 
of the steam is, through expansion, first changed into kinetic energy, 
and this in turn is transformed into work by the impulse and reac- 
tion effects produced by steam Jets discharged through suitable nozzles 
against vanes upon the periphery of a revolving wheel. In both cases 
the work done is due to the heat energy contained in the steam. In 
the reciprocating engine the action is intermittent, while in the tur- 
bine it is continuous. 

Turbines are divided into two general classes, known as the im- 
pulse and reaction types, according to the method in which the steam 
N 
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Fisr- 6- Principle of Action of Impulse Turbine 

imparts its energy to the revolving element of the machine. Strictly 
speaking, all practical turbines make use of both impulse and re- 
action. In some cases the impulse effect predominates, while in others 
reaction is depended upon for the greater part of the power developed. 
The real distinction between the two types is that in the impulse tur- 
bine the expansion of the steam is completed within the nozzle, but 
in the reaction type the steam continues to expand after it has entered 
the passages of the wheel. 

Impulse Turbines 

The impulse turbine, as its name implies, makes use of the im- 
pulse effect, so far as possible, for the development of power, the 
heat energy of the steam being first changed into kinetic energy by 
expansion in diverging nozzles. The rapidly moving particles of 
steam are then blown directly against the vanes of the turbine wheel, 
causing it to revolve as an effect of the pressure due to the impulse of 
the Jets. As the expansion of the steam is completed within the nozzle 
before entering the passages of the wheel, it is evident that the pres- 
sure between the vanes is the same as that within the casing in which 
the wheel revolves, and that the motive force is due entirely to impulse 
and reaction and not to differences in pressure. 

The action of an impulse turbine is shown in the diagrammatical 
view in Pig. 6, in which W represents a section of a turbine wheel. 
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and V a nozzle Qupplying steam to the same. The direction of flow 
is indicated by the arrows, and the rotation is due entirely to im- 
pulse. The entering Jet first strikes the vanes as shown, and forces 
them forward, after which the direction of the st^am is changed by 




the curved form of the vanes, so that it passes out of the wheel in 
a direction parallel with the axis, and therefore without reaction. 

The practical objection to a turbine of this design is its wastefulness 
in the use of steam, on account of the high velocity with which the 
steam leaves the wheel. The usual form of vane used in connection 





VELOCITY 




WHEEL 
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Fig. 8. DlagrammatloAl V1«w 
of Constmotlon of Impulse Tur- 
bln« 



PRESSURE 

Moiokingr^JiJ: 

Fig. 9. Qraphioal Representation of 
Velocity snd Pressure Chsnges of Stesm 
in Impulse Turbines 



with an impulse wheel is, therefore, modified to a form as shown in 
Fig. 7. In this case the steam leaves the wheel at an angle with the 
axis, thus producing a certain amount of reaction in addition to the 
impulse of the entering jet Although in diagrammatical form. Fig. 
8 shows the construction more in detail, and will lead to a clearer 
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understanding of the design and operation of the actual machines to 
be described later. The upper illustration in Fig. 8 is essentially 
the same as that shown in Fig. 7, although placed in a vertical posi- 
tion. The lower part of the engraving represents a section through 
a part of the wheel, nozzle, and casing. 

In studying the action of a turbine, a graphical representation of the 
velocity and pressure changes is often made use of, as shown in Fig. 
9. In the upper diagram, the heavy lines represent the changes in 
velocity of the steam as it passes through the nozzle and wheel re- 
spectively. The lower diagram shows the corresponding changes in 
pressure. Referring to the upper part of the figure, it will be seen 
that the velocity of the steam increases at a constant rate during its 
passage through the nozzle, due to expansion. After entering the wheel, 
a certain amount of the kinetic energy is* transformed into work, 
resulting in a corresponding drop in velocity, as shown by the down- 
ward slope of the heavy line through the wheel. The lower diagram 
of the figure shows that the pressure in the nozzle drops as expansion 




Fiff. lO. Prlnolple of Reaction Turbln«a 

takes place, and that no further change occurs as the steam passes 
through the vanes of the wheel. 

Reaction Turbines 

In turbines of the reaction type, the steam is only partially expanded 
in the nozzle, the expansion being completed after its entering the 
wheel, the steam thus attaining a still higher velocity. In the impulse 
turbine the pressure is the same upon both sides of the wheel, as 
shown in Fig. 9, while with the reaction type, the steam leaves at a 
lower pressure than it enters, on account of the expansion which has 
taken place during its passage through the wheel. For this reason the 
buckets or vanes of the reaction turbine, as shown in Fig. 10, differ 
in form from those of the impulse type, and although commonly known 
as buckets, they really act as nozzles. 

The path of the steam is indicated by the arrows. The steam first 
strikes the vanes in such a manner as to impart a certain pressure 
by Impulse. Its direction is then changed, and it leaves the wheel 
at such an angle as to react strongly upon the vanes, thus produc- 
ing the greater part of the power developed in this way. It will be 
noticed in Fig. 10 that the usual form of nozzle has been replaced by 
80-called guide vanes. This method of steam distribution is commonly 
used in reaction turbines, and also in some forms of the impulse 
turbine. 
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Compound Turbines 

The turbines thus far described, both impulse and reaction, are known 

as simple turbines; that is, the steam from the nozzles or guides has 

been directed against the vanes of a single wheel. The objection to 

this arrangement is the excessively high speed at which the wheel 




Flff. 11. Diagmmmatiol Vtow of Compound Impola* Turbine 

must run in order to utilize the energy of the steam. Certain turbines 
of comparatively small size are designed on this principle, and the 
power is transmitted by means of special gearing. The method more 
commonly employed, especially in the case of large machines, is to 

use several wheels attached to 
the same shaft, alternating 
with stationary guides. With 
this arrangement only part of 
the energy of the steam is im- 
parted to each wheel, and a 
much lower speed is possible. 

A compound impulse turbine 
having two wheels is shown In 
the diagrammatical view in 
Fig. 11. The steam is first ex- 
panded in nozzle N, and then 
passes through the first wheel 
in the manner already shown 
in Fig. 7, except that in this 
case a smaller proportion of 
the kinetic energy has been 
changed into work, and the 
steam issues from the wheel at 
a much higher velocity. It 
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Flff. 12. DlafframmatlcAl Section of 
Compound Reaction Turbine 



now enters the stationary guide vanes G. which reverse its direction of 
flow, and then passes into the second wheel in precisely the same man- 
ner as It did the first, where still more energy is transformed into w-ork. 
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Theoretically, an arrangement of this kind will reduce the speed 
to one-half that of a simple turbine, with the steam entering and leav- 
ing the wheel at the same velocities. In like manner, three wheels 
would reduce it to one-third, and so on. Actually, this ratio is not 
carried out exactly, on account of other conditions which must be Con- 
sidered, but the above method is successfully employed in bringing 
the speed down to a point where it becomes practicable to transmit 
the power developed by the turbine to other machines. In the case 
of electrical work, the speed of the turbine and generator are so 
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Fiff. 13. Section throoirb Wheels and 
Cflketngr of a Compound Impulse Tur- 
bine 



Flff. 14. Partial Section through Wheel and 
Caainff of a Compound Turbine of the Reaction 
Type 



adapted to each other that the turbine wheel and the armature are 
placed upon the same shaft. 

Fig. 12 shows in diagram a section from a compound turbine of the 
reaction type. This is similar to Fig. 11, except in regard to the form 
of the buckets or wheel vanes. A partial section through the wheels 
and casing of a compound impulse turbine is shown in Fig. 13, and 
velocity and pressure diagrams for the same machine in Fig. 15. In 
this case the velocity rises to a maximum in the nozzle, then drops 
a certain amount in passing through the first wheel, flows through the 
guide vanes without change, and falls practically the same amount 
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in the second wheel as in the first. The lower diagram shows, as al- 
ready stated, that no change in pressure takes place after the steam 
leaves the nozzle. 




WHEEL I 



GUIDE 




WHEEL I 



VELOCITY 




WHEEL 



GUIDE 



WHEEL 
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Flff. 15. Velocity and Pressure Dt*iri«ma ft>r Componnd Impulee Torbfne 

Fig. 14 shows a partial section through a compound reaction turbine 
having three wheels. This differs from the impulse turbine shown in 
Fig. 13 not only in the angle of the blades, sbown in the upper section, 
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FIff. 16. Velocity and Pressure Diagrams Ibr Compound Xieaodon TurMne 

but also in the form of the passage through the guides and wheels in 
the lower section. In Fig. 13 this passage is of practically the same size 
or cross-section for its entire length, indicating that no expansion takes 
place after the steam leaves the nozzle. The passage in Fig. 14 in- 
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creases in size regularly from inlet to outlet, which shows that ex- 
pansion must take place within the turbine itself, which, as mentioned, 
is the chief characteristic of the reaction type. 

Velocity and pressure diagrams for this turbine are shown in Fig. 
16. Here the steam enters the first guide (at the left) at a certain 
initial velocity, which is increased by expansion as it passes through 
the guide ring. This velocity is partially absorbed in the first wheel, 
as shown by a downward slope of the line, but is again increased by 
further expansion in the second guide ring, and so on until the steam 
is discharged from the last wheel at the right The pressure, in this 
case, instead of dropping to a minimum in the nozzle as in Figs. 9 
and 15, falls gradually throughout the entire passage through the tur- 




j/ ^ j/ f/ Maohlnery.N.r. 

Flff. 17. Principle of Two-stage Impulse Turbine 

bine, as shown in the diagram, and corresponds to the constant ex- 
pansion in the guide rings shown above. 

Multiple Stage Turbines * 

Compound impulse turbines are sometimes divided into stages, 
that is, two or more groups of wheels and guides are arranged in 
separate compartments, each group being called a stage. This is il- 
lustrated in Fig. 17, which, in effect, is a series of simple turbines, 
the wheels of which are placed in separate compartments, and so ar- 
ranged that the exhaust from the first wheel enters the casing of the 
second and passes through a second set of nozzles to the next wheel, 
and so on, according to the number of stages employed. It will be 
noticed in Fig. 17 that two nozzles are used to supply the second 
wheel. This is because the steam at this point has a greater volume 
than at first, due to its expansion in nozzle No. 1. The object of a 
stage turbine is to produce a gradual fall in pressure, by successive 
stages, rather than by a single drop as in simple forms, the action 
of which is shown in Figs. 9 and 15. 
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TYPES OP STEAM TURBINES 

Having taken up the general principles upon which steam turbines 
operate, some of the more common forms employed in American prac- 
tice will now be described in detail. This will provide the best and 
easiest means of becoming familiar with the construction and operation 
of this type of machine. 

The De Laval Turbine 

The De Laval turbine is a simple impulse turbine, consisting of a 

single wheel in the periphery of which are inserted milled buckets or 

vanes of the form shown in Fig. 18. The steam is delivered against 

the buckets at a high velocity through nozzles ranging from one to 




Fiff. 18. Wheel and Nozsles of the De Laval Steam Turbine 

eight in number. The expansion of the steam, which produces this 
high velocity, takes place in the diverging conical nozzle of each 
jet, the taper being so proportioned as to give the steam the proper 
expansion to cause it to attain its greatest velocity as it reaches 
the vanes of the wheel. At the same time, the initial pressure is 
gradually reduced at each increasing section of the nozzle to a final 
pressure equal to that of the atmosphere, or of the condenser, as 
the case may be. In this way all of the available heat energy of the 
steam is transformed into kinetic energy, and so utilized in driving 
the wheel. 
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Referring again to Fig. 18, it is seen that the smallest sectional area 
of the nozzle at A, determines the quantity of steam which will pass 
through it/ and the ratio of that area to the area at B determines the 
amount of expansion and thus the velocity of delivery. A section 
through one of the nozzles is shown in Fig. 19. The nozzles are equally 
spaced around the circumference of the steel casing which encloses the 
wheel. The steam chest, indicated in the illustration, is an annular 
space separated from the wheel chamber and connecting with the same 
through the nozzles. The inner ends of the nozzles project to within 
about % inch of the wheel blades. 

A horizontal section through a complete turbine is shown in Fig. 20. 
Starting at the right, W is the turbine wheel attached to a flexible 
shaft which is supported at each side by specially constructed bearings. 
At the other end of the shaft are spiral pinions K, supported by the 
bearings C in the wheel casing, and meshing with the gears H as indi- 
cated. In order to obtain the highest efficiency in a turbine of this 
type, the wheel must run at a speed giving a peripheral velocity of 




JURBINE BUCKETS 

Fl^. 18. Section through Nosale of a De Laval Steam Turbine 

about one-half that of the steam as it strikes the blades. In practice, 
the wheels of this turbine are made of such diameter that the speeds 
run from 10,600 revolutions per minute, for the largest size, up to 
30,000 for the smallest. These speeds are reduced approximately 10 
to 1 by the helical gearing already referred to in Fig. 20, giving the 
driving-shaft speeds of from 1000 to 3000 revolutions per minute. In 
case of the smaller types, a single gear is used, but in sizes from 75 to 
500 horsepower, two sets of gears and two driving shafts are employed 
as indicated. 

Power is transmitted to electric generators or other machinery by 
means of flexible couplings as shown at the left. These have a series 
of pins F, threaded into holes in the faces of the driving disks, and 
on their outer ends provided with rubber bushings E, which fit in cor- 
responding holes in the coupling attached to the shaft of the generator. 

Great care is taken in the design and construction of the wheel to 
guard against rupture due to the high velocity at which it runs. Speed 
regulation is secured by means of a centrifugal governor M, which in 
connection with a poppet valve in the supply pipe controls the flow of 
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steam. Although this type of turbine is used to a considerable extent 
for the operation of centrifugal pumps and blowers, its widest applica- 
tion is in connection with electric generators, it being built for this 




Fig. 21. De iMVBl Bteam Turbine Dlrect-oonneoted to an Blectrio Generator 




Fl^. 22. Sturtevant Steam Turbine Driving a Qas Blower 

purpose in sizes of from 7 to 500 horsepower. An exterior view of a 
direct-connected set of this kind is shown in Fig. 21, the turbine being 
at the right, the speed-reducing gearing at the center, and the gene- 
rator at the left. 
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The Sturtevant Turbine 
The Sturtevant turbine is an impulse turbine of the so-called multi- 
ple-pass type. One of the single stage machines is shown in section in 
Fig. 23, and an elevation of the casing with the wheel partially removed 
in Fig. 24. Steam entering through the inlet I (Fig. 23), passes 
through and around an annular chamber A in the casing, from which 



VALVE 




Machlnerii.S.T 
Fi|r. 23. Section of Single-stage Sturtevant Steam Turbine 

it flows through nozzles designed to expand and deliver it at a high 
velocity at the point of impact on the bucket of the rotor or wheel. 
The openings from two of the nozzles are shown at in Fig. 24. The 
bottoms of the buckets In the wheel are shaped to the form shown at 
B, Fig. 23, the buckets receiving the steam on one side and exhausting 
it from the other, having changed its direction of flow 180 degrees. 
After leaving the wheel the steam passes into the stationary buckets 
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in the reversing ring, shown near in Fig. 24, and which are similar 
in form to the buckets on the wheel. From here the steam is again 
returned to the rotor buckets, and the process is repeated until the 

Telocity of the steam drops near- 
ly to that of the rotor, when it is 
allowed to pass into the exhaust 
chamber and out through the 
opening E, Fig. 23. The annular 
ring of high-pressure steam re- 
duces radiation losses and makes 
the use of insulation unneces- 
sary in the smaller sizes. The 
governor is of the centrifugal 
throttling type, the speed being 
changed either by altering the 
tension of the spring, or by ad- 
justing the nuts on the rod lead- 
ing to the throttle valve. 

An external view of this type 
of machine attached to a gas- 
blower, is shown in Fig. 22. 
These turbines are also built in 
the multi-stage form, a three- 
stage rotor for a 250 horsepower machine being shown in Fig. 25. In 
another design of the single-stage type, the buckets are placed on the 
faces of the wheel, near the periphery, instead of around the edge as 




F\g. 24. Caslnff of Turbine with Wheel 
partially Removed 




Flff. 26. Three- stage Rotor for Sturtevant Steam Turbine 

In the type shown in Fig. 23. The nozzle openings are equally spaced 
around the circle, one-half on each side of the casing, and are provided 
with hand-valves for closing off if desired. They are operated in pairs 
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and reduce the power without affecting the efficiency. The smaller 
sizes are of the single-stage type, while those above 200 horsepower are 
usually made with two to four rotors, depending upon the speed and 
amount of power to be obtained from the unit. 

The Terry Turbine 
The Terry turbine is similar in principle to the one just described, 
the wheel being fitted with semi-circular buckets as shown at A in 
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REVERSING 

BUCKET 

Fig. 26. Nozsle and Bixokat OoiiBtraotion of the Teny Turbine 

Fig. 26. The steam escaping from the nozzle strikes one side of the 
bucket, and is reversed in direction as shown. Leaving the opposite 
side of the same bucket it then enters the stationary or reversing 
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Flff. 27. Section through a Terry Steam Turbine 

bucket and Is directed back again into another bucket of the same 
wheel at a point adjacent to the nozzle. This operation is repeated as 
many times as necessary for the complete utilization of the available 
energy in the steam, its velocity being extracted successively in each 
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reversal or stage. By means of this arrangement, the peripheral ve- 
locity may be reduced to about 260 feet per second, which corresponds 
to a speed of 2500 revolutions per minute for a 24-inch wheel. 

Steam is thrown in a jet tangential to the circumference of the 
wheel (see /, Fig. 27), so that side thrust is avoided. Increased power 




Hit* 98. 0«&eral View of the Terry Steam Turbine, sbowlnff how 0«alnff 
le parted HorisontaUy 

for a wheel of given diameter is obtained by providing additional noz- 
zles and reversing chambers in the casing, each nozzle being supplied 
with live steam from the annular space A. When only a partial load 
is to be carried, one or more of the nozzles may be turned oft by hand- 
valves, in order to retain full-load efficiency. 

The single-stage Terry turbine is shown in section in Fig. 27, and 
illustrates the relative position of the principal parts. The construc- 
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tion is such that the casing and bearings are parted horizontally, as 
shown in Fig. 28. The nozzles enter the side of the casing as indi- 
cated in Fig. 27, while the reversing buckets are bolted to the inside 
of the casing around the circumference of the wheel as shown in the 
raised cover in Fig. 28. The reversing buckets are usually grouped 
in sets of four, each group being supplied with a separate jet of steam. 
The wheel and shaft are of steel, tested to safely withstand a speed 50 
per cent in excess of the normal rating. The governor is of the fly-ball 
type, mounted directly upon the turbine shaft, and controls a throttle- 
valve of special construction. 

For condensing service, the two-stage turbine is used for all except 
the smaller sizes. This turbine is shown in section in Fig. 29. After 
the steam has passed through the high-pressure stage, it enters the 




Flff. 29. Two-staffe Teny Tarl>lne 

second stage through nozzles and reversing chambers arranged simi- 
larly to those in the first stage. This turbine is often used direct-con- 
nected to dynamos, blowers, and centrifugal pumps, on^ of the most 
successful uses being in connection with the latter for boiler feeding 
under high pressure. Electric generating sets are made in sizes from 
5 kilowatts capacity, running at 4000 R. P. M., to 300 kilowatts at 1250 
R. "p. M. 

The Bliss Turbine 

The Bliss turbine is of the same general type as the Sturtevant and 
Terry turbines, and is shown in section in Fig. 30. The casing and 
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steam chamber of the turbine are cast in one piece, and the nozzle and 
reversing chambers bolted to it as shown. The wheel, in the smaller 
sizes, consists of a single steel casting or forging, the partitions separ- 
ating the buckets being inserted and held in place by three steel bands 
shrunk on the face of the wheel. The general form of the buckets, to- 
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Fiff. SO. Beollon tbrouffb a Bliss Steam Turbine 

gether with their construction, is shown in plan and section in Fig. 31. 
These turbines are made in sizes ranging from 10 to 600 horsepower. 

The Kerr Turbine 
The Kerr turbine is of the compound impulse type, and is usually 
built with from two to eight stages. The section shown in Fig. 34 il- 
lustrates the general construction of this machine and the principle 
upon which it operates. The buckets are of the double cup variety 
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and are inserted like saw teeth in the wheel disk. Front and side 
views of a bucket are shown in Fig. 32, and a shaft with six disks in 
Pig. 33. The particular form of this bucket gives a nearly complete 
reversal of the jet of steam, which results in a high efficiency. The 
nozzles are in the plane of revolution of the wheel, being screwed into 
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FlflT. 81. Oonstruotloii of Buoketa of the 
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the stage partitions, and discharging jets of steam upon the wheel 
buckets as indicated in Figs. 34 and 35. 

Referring to Fig. 34, it will be seen that the body of the turbine is 
made up of steam and exhaust end castings bolted to a cylindrical 
shell, which contains, in this case, five stage partitions or nozzle dia- 
phragms. In the chambers thus formed are located the wheel disks, 
each having a row of double buckets around its periphery as shown in 
Fig. 33. Steam, in passing from one stage to the next, is thrown 




Fiff. 38. Shaft of the Kerr Turbine, with Six Disks 

against these buckets in tangential jets by the nozzles, which are best 
shown in Fig. 35. 

Starting at the right in Fig. 34, the steam flows through a series of 
nozzles impinging upon the buckets of the first wheel, then passes 
through another series of nozzles into the next compartment, where the 
same action takes place upon the second wheel, and so on to the ex- 
haust outlet at the left. By dividing the drop in steam pressure into 
several stages, the velocity is lowered sufficiently to secure a reasonable 
efficiency. As the velocity drops, the size of nozzles and buckets is 
increased to accommodate the increased volume. 
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Connection between the sections is made by means of "tongue-and- 
groove" joints packed with wicking and drawn together by means of 
through bolts. The nozzles are of steel, screwed into a nozzle body 
which in turn is riveted into the diaphragm casting. The buckets are 
drop forged from steel and are secured to the wheel disks by means 
of dove-tail slots, into which the shanks are inserted and riveted. The 
governor is of the centrifugal type mounted on the end of the shaft 
and attached to a valve in the inlet pipe as shown. This turbine is 
made both vertical and horizontal in form, one of the latter being 
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Fl^r* 86. Wheel and NosBles of the Kerr Turbine 

shown in Fig. 36. It is adapted to the various purposes for which tur- 
bines are used, and is made in sizes ranging from 10 to 300 horse- 
power. 

The Bateau Turbine 

The Rateau Turbine is a compound impulse turbine of the multi- 
cellular type, and is shown in section in Fig. 37. The principle upon 
which it operates is best explained by reference to the diagram in Fig. 
38, which shows a portion of the nozzles and wheels of a three-stage 
turbine. In this figure the stationary nozzles are indicated by the 
letter N and the moving wheels by W, the latter revolving in separate 
compartments not shown in the engraving. 

In operation, steam enters through the first set of nozzles at the left 
and impinges on the blades of the adjacent wheel as indicated by the 
arrows. It then passes through the next set of nozzles or guide vanes 
in a similar manner, and so on through each compartment until the 
exhaust space is reached. In Fig. 37, A is the steam inlet shown at 
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the left end of the rotor, and B the exhaust space at the right. Noz- 
zles and wheels are indicated hy the letters N and W, respectively. 

An interesting feature in connection with this turbine is the arrange- 
ment of the nozzles or guide vanes with reference to the number of 
openings in the different diaphragms. In the first one there are but 
few openings, arranged in three or four groups equally spaced around 
the periphery. The second diaphragm contains a greater number of 
openings to care for the increased volume of steam, due to its expansion 
as it passes from stage to stage. As the steam passes through the 
wheels the effect of rotation is to carry it along a short distance before 
discharging into the next chamber. For this reason each successive 
set of guide vanes is placed somewhat in advance of the one before it, 
in addition to increasing the number of openings. This arrangement 
is continued until finally the vanes extend entirely around the periphery 
of the diaphragms. 

The wheels used in this machine consist of a series of flanged steel 
disks, upon the periphery of which the vanes are riveted. These are 




Fl^r* 80. Kerr Turbine of the HoriBontal Type 

strengthened by surrounding them with a steel band which serves to 
maintain an equal spacing and give them rigidity. Each wheel is 
arranged to revolve in a separate chamber formed by the diaphragms 
already mentioned and shown in Fig. 37. Since the spaces in each 
group of nozzles or distributors are located with reference to those in 
the adjacent diaphragms, as already described, the steam leaving one 
moving wheel enters directly into the following distributor without 
shock or loss of kinetic energy. On account of the progressive expan- 
sion of the steam, the vanes are much longer at the exhaust than at 
the admission end, as indicated in Fig. 37. 

The speed is controlled by a governor of the centrifugal fly-ball type 
located at the end of the shaft, and driven by worm-gearing running 
in oil. The governor controls the admission of steam by means of a 
balanced valve in the supply pipe. 
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The Curtis turbine is of the compound impulse type, shown diagram- 
matically in Fig. 13. It is made both horizontal and vertical in form, 
depending upon the size. Generating sets ranging from 7 to 300 kilo- 
watt capacity are of the former design, while the large units for cen- 
tral station work are of the vertical type on account of certain me- 
chanical advantages to be mentioned later. 

The general principle of operation is as follows: After leaving the 
nozzle, the steam * passes successively through two or more lines of 
vanes on the moving element or rotor, which are placed alternately with 
reversed vanes on the stationary element. In passing through the 
stationary and moving elements in this manner the velocity acquired 
in the nozzle by expansion is largely taken up by the moving element. 




N W 

Jtuchinery.y. Y. 
Fig. 38. t>lagramiiuitlcal View of Nossles and Wheels of the Rateau Turbine 

Thus the steam is thrown against the first set of vanes of the moving 
element or rotor, and then rebounds alternately from moving to sta- 
tionary vanes, until it is brought nearly to rest at the exhaust end. 
By this means a high steam-velocity is made to impart motion to a 
comparatively slow-moving element. This operation may take place 
in a single stage, but it is more common to make use of a number of 
stages with varying numbers of stationary and moving vanes in each 
stage. 

A sectional view of a two-stage horizontal machine is shown in Fig. 
40, the more important parts being indicated on the engraving. It 
will be seen, upon examination, that each wheel carries two sets of 
vanes, with a stationary set between them. This is shown more clearly 
in Fig. 41, which is an enlarged detail of the lower edge of the dia- 
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phragm and wheel. Steam first passes through the nozzle from the 
steam chest against the first set of vanes on the first wheel, then 
through the stationary vanes which give it the proper direction for 
impinging on the second set of vanes on the same wheel. This admits 
the steam to the second compartment and completes the first stage of 
the operation. The second stage is precisely the same as the first, 
after which the steam passes into the exhaust outlet. 

A detail of the blade or vane construction and the method of at- 
taching the same to the periphery of the wheel is shown in Fig. 45. 
The buckets themselves are dove-tailed into a steel rim which in turn 
is bolted or riveted to the wheel disk as shown In Fig. 40. 

In the case of large machines the vertical type (see Fig. 43) is us- 
ually preferred for the following reasons: The relative positions of 




Fiff. 80. Horizontal Oeneratinff Set with Cxirtla Turbine 

the moving and stationary parts are fixed by the step-bearing at the 
bottom of the shaft; the main bearings are relieved from strain, and 
deflection of the shaft is eliminated; and the turbine structure forms a 
support for the generator, thus reducing the cost of foundations and 
producing a saving in floor space. 

The turbine shown in Fig. 43, with an electric generator mounted 
on top of it, is of the four-stage type, and exhausts through the base 
into a condenser. The casing K is of cast iron, and is divided ver- 
tically into four parts for all sizes up to 3000 kilowatts, and into six 
parts for 5000 kilowatt capacity and larger sizes. It serves to hold 
the stationary buckets or intermediates, and also to support the dia- 
phragms which separate the different stages. 

The operation of this turbine is practically the same as that of the 
horizontal type. Steam enters from the governor valve C, by way of 
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the passage E, and passes through the first row of revolving buckets, 
then through a set of intermediate buckets X, and then through the 
second row of moving buckets on the first stage wheel; and in the 
same manner through the nozzles and buckets of the four stages in 
succession. It will be noticed that the buckets and nozzles increase 
rapidly in size in succeeding stages, as the pressure falls, and the 
volume of steam increases. 




Fig. 40. Seotion throuirb Two-Bta^e Curtis Turbine 

In designing this turbine, the parts are so proportioned that the 
steam gives up approximately one-quarter of its energy in each of 
the four stages. The governor is of the centrifugal type and is located 
at the upper extremity of the shaft. Its motion is transmitted by the 
rod A to the hydraulic mechanism B which operates the steam admis- 
sion valves C. 

In addition to the governor, the turbine is equipped with an emer- 
gency stop which operates automatically in case of an excessively high 
speed. This consists of a ring placed in a slightly eccentric position 
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around the shaft between the turbine and generator. The centrifugal 
strain of this ring at normal speed is overcome by suitable springs, 
but when the speed increases beyond a certain point, the centrifugal 
effect overcomes the spring and closes a stop valve in the main steam 
pipe. The automatic stage valve / is for increasing the overload ca- 
pacity, and operates by connecting the first stage directly to a set of 
Auxiliary second-stage nozzles, thus widening the steam belt and in- 
creasing the power developed. An exterior view of a vertical generat- 
ing set of 1500 kilowatt capacity is shown in Fig. 44. 

Reaction Turbines 
The general principle upon which the reaction type of turbine oper- 
rates has already been briefly outlined in the first chapter of this 
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F\g. 41. Lower Edffe of Diaphragm and Fig. 42. Arranffement of Stationary and Moving 
Wheel of Curtis Turbine Blades In Reaction Turbines 

treatise. The reduction in pressure of the steam is subdivided into a 
large number of stages, and the steam expands in the moving as well 
as in the stationary elements. With this arrangement there is no 
violent change in pressure at any time, the reduction seldom exceeding 
three pounds in any one stage. 

The essential parts of a turbine of this type consist of rows of sta- 
tionary and moving blades arranged alternately as shown in Fig. 42, 
and through which the steam flows as indicated by the arrows. The 
steam is guided by the stationary upon the moving blades, expanding 
continuously throughout its passage through the turbine, and alter- 
nately gaining velocity and imparting it to the revolving blades, partly 
by impulse, but to a greater extent by reaction. 
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Biff. 48. Foiir>staff« Oartle Turbine of Vertical Type with. Electric 
Generator mounted on Top 
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Parsons Turbine 
As the principal reaction turbines are of the Parsons type, the action 
and general construction of this machine will first be described by 




Fig. 44. General View of Vertlcel Type Steam Turbine and Generator Bet 

means of a diagram published by the Allis-Chalmers Co., and shown in 

Fig. 46. 
This turbine consists of an outer casing or cylinder to which are 

attached the stationary blades, 
and a revolving cylinder or 
drum carrying the moving 
blades. The ends of the drum 
are extended in the form of a 
shaft and are carried by the 
bearings A and B. In operation, 
steam enters at C, then passes 
through the regulating valve D 
to the cylinder by way of the 
passage E, The direction of flow 
is now toward the left, passing 
through alternate rows of sta- 
tionary and revolving blades, 
until the steam reaches the ex- 
haust chamber F which connects 




Tig. 40. Method of Attaching Blades of Curtis 
Turbine to Periphery of Wheel 



either with the atmosphere or condenser as the case may be. 
In order to secure a uniform expansion and corresponding drop 
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The Allls-ClialxnerB Turbine 
The principle of the Allls-Chalmers turbine has already heen de- 
Bcribed in connection with Fig. 46. In the larger sizes the balance pis- 
ton N is omitted, and the piston Z substituted at the other end of .the 
spindle, as shown in Fig. 47. In this construction, the equalizing^ pipe 
P of Fig. 46 is omitted, the pressure on the piston at Y being equal- 
ized with that in the third stage of the blading at X by means of pas 
sages through the spindle, not shown in the engraving. 

The advantage of this construction is to eliminate piston N, Fig. 46, 
which on account of its large size is liable to become distorted when 

subjected to changing temp- 
eratures and pressures. By 
using the arrangement shown 
in Fig. 47 the same results 
are obtained as in Fig. 46, 
while the piston Z has a 
diameter considerably less 
than N. 

The construction of the 
blades and the method of at- 
taching them to the cylinder 
and spindle are illustrated in 
Fig. 48. The root of the blade 
is dove-tailed to a foundation 
ring, which in turn is made 
in two sections and attached 
to the spindle or cylinder, as 
the case may be, in a similar 
manner. The tips of the 
blades are protected and held 
in place by means of a shroud 
of channel iron, shown in 
section at B. This is first 
rolled to the proper curva- 
ture, and then punched to re- 
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FIflr. 48. Ifothod of Conslmotlaff sad 
Attfitiing the Blades 



ceive the projecting tips of the blades, which are riveted in place. 
A view of the different rows of blading upon the spindle, together with 
the protecting shrouds, is shown in Fig. 49. 

The governing of the turbine is effected by means of a balanced 
throttle valve D, Figs. 46 and 47, controlled by a governor through 
the medium of an oil relay system. Excessive speed is prevented by a 
separate safety governor which entirely closes off the steam supply 
when the speed reaches a certain point. Overloads are cared for by 
means of a governor-controlled by-pass V so arranged as to admit 
high-pressure steam to one of the later stages of the turbine when the 
load exceeds the normal capacity of the unit. 

The Westlnghouse-Parsons Turbine 
The principles involved in the design of the Westinghouse-Parsons 
turbine are the same as those of the original Parsons tJ^^^^^t jFl#h:^ 
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has already been described. It Is, therefore, only necessary to show the 

general construction together with some of the more important de- 
tails. A longitudinal 
section of a typical 
Westinghouse turbine 
is shown in Fig. 51. In 
operation, steam enters 
chamber A through the 
governor valve F, and 
passes to the left 
through the turbine 
blades to the exhaust 
chamber B. The bal- 
ance pistons are shown 
at P, and the passages 
for equalizing the pres- 
sure upon correspond- 
ing pistons and drums 
at E, 

Fig. 52 shows a view 
of the rotor removed 
from the casing, and il- 
lustrates to some ex- 
tent the method of con- 
struction. The rotor is 
built up of cast-steel 
drums which carry the 
blades, the latter being 
held in place by a spec- 
ial process of calking. 

The form of the blades and method of lashing the same are shown in 

Fig. 50. This construction is used in the case of all blades over two 

inches in length. Two types of 

bearings are used, depending 

upon the size of the machine. In 

the smaller sizes, running at a 

speed above 1800 revolutions per 

minute, a fleirible oil-cushioned 

type of bearing is employed, but 

in the larger machines this is not 

found to be necessary. The bear- 
ings are so proportioned that the 

weight of the rotor is carried 

upon a film of oil without the use 

of forced lubrication under high 

pressure. 
Speed* regulation is secured by 

means of a fly-ball governor, 

shown diagrammatically in Fig. 53. The main admission valve 7, 

51, is actuated by an auxiliary piston B, Fig. 53, which in tfii^'4S^ 




Flff. 49. Rows Of Bladlnir of Allis-Cb&lmera Turbine 




Fig. 60. Blading of Westingliouae Turbine 
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by the pilot valve A though the medium of high-pressure steam; D 
and E are fixed points, and F a floating fulcrum, the position of which 
is determined by the position of the governor balls, as indicated by the 
dotted lines. The vertical shaft C of the governor is driven from the 




FW* A2* Botor of Westln^houae Turbine 

main shaft by means of worm gearing, as shown at the right in Fig. 
51. The connection with the admission valve V is not indicated in the 
engraving. 

When in action, steam is admitted to the turbine in short puffs, at 
the rate of about 150 per minute, the governor operating to vary the 
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F\g. 68. Fl7>b»U Gtovemor of the Westlnffhouae-Paraona Torblne 

length of steam admission In proportion to the load. The secondary 
admission valve W admits high-pressure steam to the Intermediate 
barrel in case of overload or when running non-condensing. Turbines 
of all sizes are provided with an automatic speed-limit governor for 
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CHAPTER III 



STEAM TURBINE ECONOMY 

Under the head of steam turbine economy are comprised the subjects 
of steam consumption, effect of condensing, over and under loading, 
efficiency, etc. The study of these subjects is of value in comparing 
the action of a turbine with that of a reciprocating engine. 

Steam Consumption 

It may be stated. In a general way, that when operated at full load 
and under the most favorable conditions in each case, there is very 
little difference in the economy between the best types of reciprocating 
engines and the turbine. When compared with the single valve high- 
speed engine. In sizes below 500 to 700 indicated horsepower, the tur- 
bine may be made to give rather better economy, but if the four-valve 
compound engine is used, the results will, in general, be reversed. 
With engines of the best type, ranging from 1500 to 2500 indicated 
horsepower there is very little difference in results between the recipro- 
cating engine and the turbine. With machines of 4000 to 5000 horse- 
power and above, the advantage seems to be with the turbine. 

The water-rate of a. reciprocating engine Is commonly expressed in 
pounds per indicated horsepower (I. H. P.) per hour, as already ex- 
plained In Machinery's Reference Series No. 70, "Steam Engines." 
In making a test for the water-rate or steam consumption, the indicated 
horsepower of the engine is computed from an indicator diagram, 
and this divided by the total weight of dry steam supplied to the engine 
per hour will give the water-rate. Sometimes the water-rate per de- 
livered or brake horsepower (B. H. P.) is given. In this case the horse- 
power delivered by the engine is measured directly by an absorption 
dynamometer, and this is used in place of the indicated horsepower 
In making the computation. 

It is evident that the indicated horsepower of a turbine cannot be 
determined, owing to the principle upon which It operates. For this 
reason its capacity is either expressed in brake horsepower, which may 
be measured as above, or, when connected with an electric generator, 
the output In kilowatts Is commonly determined. In making a com- 
parison of the steam economy of a turbine and engine, their operation 
should be reduced to a common basis; and as the delivered or brake 
horsepower Is what determines the practical efficiency of any type of 
motor, this seems to be the rational basis for comparison. 

The ratio of the brake horsepower to the Indicated horsepower,. 
B. H. P. 

, Is called the mechanical efficiency. Hence, If the mechanical 

I. H. P. 
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efficiency of an engine, or of a class of engines, is linown, the deliv- 
ered horsepower may be found by the equation 

B. H. P. = I. H. P. X Mechanical efficiency. 

Again, if an engine is \ised to drive an electric generator, the deliv- 
ered horsepower may be found from the electrical output in kilo- 
watts, if the efficiency of the generator is known. For example: 

Kilowatts X 1.34 = Electrical horsepower, 
and this divided by the efficiency of the generator will give the de- 
livered horsepower of the engine. 

In the absence of more exact data, the following average efficiencies- 
may be used when making comparisons. 

TABLE OF BFFIOIBNOIBa OF BNQINBS AND OENBRATOR8 

Compound Corliss Engines, Large Size 0.95. 

Compound Engines, Medium Size 0.92. 

Simple Engines, High-Speed 0.90. 

Alternating-Current Generators, 3000 K.W 0.96. 

Alternating-Current Generators, 500 K.W 0.94. 

Direct-Current Generators, 3000 K. W 0.95. 

Direct-Current Generators, 500 K. W 0.93. 

Example: A compound engine of 2000 I. H. F. has a total steam 
consumption of 26,000 pounds per hour. How does it compare, in 
economy, with a turbine using a total of 40,000 pounds of steam per 
hour, attached to a 2000 K. W. alternating-current generator, running 
at full load? 

Assuming from the table an efficiency of 0.95 for the engine, the 
B. H. P. is found to be 2000 X 0.95 = 1900; and the water rate, 26,000 
-^ 1900 = 13.7 pounds per B. H. P. If the generator is rated at 2000 
K. W. and is operating at full load, the output in electrical horsepower 
is 2000 X 1.34 = 2680. Taking the efficiency of the generator as 0.95,. 
the B. H. P. of the turbine will be 2680 -f- 0.95 = 2821; and 40,000 -f- 
2821 = 14.2 pounds of steam per hour per B. H. P., from which a com- 
parison of the steam economy of the two machines may be made. 

It is sometimes desired to compute the steam consumption per indi- 
cated horsepower of a reciprocating engine which might replace a tur- 
bine operating under given conditions. For example, in the problem 
just solved, find the indicated horsepower and water-rate of a recipro- 
cating engine which would replace the turbine and do the same amount 
of work, with the same total steam consumption. The first step is to 
find the brake horsepower required to drive the generator. This was 
shown to be 2821. Assuming an engine efficiency of 0.95, the Indicated 
horsepower is 2821 -f- 0.95 = 3000 (in round numbers), from which the 
water rate is found to be 40,000 -f- 3000 = 13.3 pounds per I. H. P. 
per hour. 

Effect of Condensinfir 
The steam turbine is very sensitive to the effect of a vacuum — much 
more so than a reciprocating engine. This is due to the greater num- 
ber of expansions obtained in the turbine, and can best be illustrated 
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by use of a diagram. The full line in Fig. 55 shows a theoretical indi- 
cator diagram from an engine operating with four expansions. Fig. 
56 represents a diagram from another engine having a cylinder of 
the same diameter, but twice as long. This takes the same amount of 
steam per stroke, but expands it eight times, on account of its in- 
creased volume. 

Suppose that in the case shown in Fig. 55, the back pressure be 
lowered a given amount by the use of a condenser, as shown by the 



4 EXPANSIONS 



^ QAIN BY CONDENSING ^ 

FIff. 55. Otttn by Oonrtwialng whan Oia fiiitfo of Bzpanalon i« 4 

dotted line. The gain in work per stroke will evidently be indicated 
by the shaded portion at the bottom of the diagram. Now let the back 
pressure be reduced a like amount in the case in Fig. 56. In this 
case the gain is twice as great as in Fig. 55, owing to the greater 
length of the diagram. The best types of compound engines rarely 
have more than ten or twelve expansions, while a steam turbine may 
easily expand the steam one hundred times or more. Hence, under 




i GAIN BY CONDENSING ^ 

MaohinergyN. Y. 
Siff. 50. Qmtn by Oondanring wlion the Batlo of Mxpimrton Is 8 

the above conditions, the relative effect of adding an inch to the 
vacuum will be from eight to ten times as great in the case of the 
turbine as with the engine. In addition to this, there is a still further 
gain due directly to the greater expansion of the steam. 

On account of the excessive cylinder volumes and large valve areas 
required, It Is not customary to release the steam from the cylinder 
below a pressure of about 6 pounds absolute, and 10 pounds is more 
common. For example, one pound of steam at a pressure of 100 
pounds absolute, has a volume of 4.3 cubic feet. If expanded to a 
pressure of 1 pound absolute, which corresponds to a 28-inch vacuum. 
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the volume will become 330 cubic feet, and if expanded still more, to 
a 29-incli vacuum, it will be increased to 640 cubic feet. Turbines are 
constructed to work satisfactorily at these high degrees of vacuum 
and are operated at 26 to 28 inches in commercial plants, while tests 
are often run with a vacuum of 28 to 29 inches. 

When steam is exhausted from an engine, the heat which it contains 
at release, due to its terminal pressure, is wasted, regardless of the 
condenser pressure. With a reciprocating engine the advantage of a 
high vacuum is limited to the efEect of a lower back pressure, while 
with a turbine the number of expansions is increased, the terminal 
pressure lowered, and more of the heat transformed into useful work. 

A pound of steam expanded with perfect efficiency from 150 pounds 
gage pressure to an average terminal pressure of 10 pounds absolute, 
gives up sufficient heat to perform about 155,000 foot-pounds of work. 
If expanded to 0.5 of a pound (29 inches vacuum), it is capable of 
. doing 275,000 foot-pounds of wovk. If the first reprctfents the perform- 
ance of a compound condensingh-engine, and the second that of a tur- 
bine, the theoretical gain would be 275,000 — 155,b00 = 120,000 foot- 
pounds of work per pound of steam used, in favor of the turbine. 
These are, of course, ideal conditions, and do not take into account 
certain practical considerations, such as cylinder condensation, in case 
of the reciprocating engine, and the relatively low efficiency of the tur- 
bine. This comparison does show, however, the advantage of the 
turbine over the reciprocating engine at low pressures. 

Low-pressure Turbine 
The condition above described has led to the use of the so-called low- 
pressure turbine, designed to take the exhaust steam from a recipro- 
cating engine and expand it down to a condenser pressure of approxi- 
mately 1 pound absolute (28 inches vacuum). This type of turbine is 
adapted to plants x^re the epgines are run either non-condensing or 
conden^ng. In the former case, plants are often operated n€iH}on- 
densing because any saving effected by the use of a condenser would 
be more than offset by the interest and depreciation on the first cost of 
the condensing apparatus, and the expense of cooling-water, where it 
has to be purchased. In- plants of this kind, the increase in economy 
by the use of a low-pressure turbine is often sufficient to more than 
ofEset the expenses enumerated above. The advantage of placing a low- 
pressure turbine between the engine and a condenser already in use, 
and reducing the terminal pressure by 5 to 10 pounds has already been 
described in principle, and is frequently carried out in practice, under 
suitable conditions, with gratifying results. 

Bffect of Load Variation 
Another advantage of the turbine over the engine is the fact that 
it maintains a more uniform efficiency under extreme vadations of 
load. This is of especial value in electric^ plants, both for railway 
work and lighting. While there is very little difference in the relative 
performance of engines and turbines between the limits of 50 per cent 
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above and below their most efficient rating, tests show that the turbine 
will carry loads in excess of this better than the reciprocating engine, 
especially if it is of a type equipped with an overload by-pass. This 
makes it possible to operate a turbine normally within the range of its 
best efficiency, whereas an engine, made large enough to carry the 
maximum load, must normally run somewhat under load, with a re- 
sulting loss of efficiency. 

Turbine Bflaciency 

The thermal efficiency of a heat engine is found by dividing 33,000 
(the foot-pounds of work per minute for one horsepower) by the heat 
required per minute per indicated horsepower, expressed as its equiva- 
lent in foot-pounds. This rule expressed in the form of an equation, 
is as follows: 

33,000 

Thermal efficiency = , 

H X 778 

in which H = heat units used by the engine per I. H. P. per minute. 

In the case of a reciprocating engine, the indicated horsepower is ob- 
tained from an indicator diagram. The heat units required per I. H. P. 
per minute are determined from the steam consumption as follows: 

Find from a steam table the total heat in one pound of steam at 
boiler pressure, and from this subtract the heat of liquid, above 32 
degrees, in the condensed steam. This multiplied by the total weight 
of steam used per minute, and divided by the indicated horsepower of 
the engine, will give the heat units (T. U.) required per I. H. P. The 
heat energy may be expressed in its work equivalent, in foot-pounds, 
by multiplying the number of heat units by 778. 

Example: An engine operating at an indicated horsepower of 600, 
uses 8400 pounds of dry steam per hour; the boiler pressure is 100 
pounds gage; the temperature of the condensed steam is 98 degrees. 
What is its thermal efficiency? 

The total heat in one pound of steam at 100 pounds gage pressure 

= 1185 T. U. 
Heat in liquid = 98 — 32 = 66 T. U. 

Heat used by engine per pound of steam ^ 1119 T. U. 
Pounds of steam used per minute = 8400 -j- 60 = 140. Heat used per 
minute = 140 X 1119 = 156,660 T. U. Heat used per indicated horse- 
power = 156,660 -f- 600 = 261.1 T. U. Substituting this in the formula 
for efficiency, we have: 

33,000 

Thermal efficiency = = 0.162 or 16.2 per cent. 

261.1 X 778 

In finding the efficiency of a turbine, the process is the same except 
that the brake horsepower. In which its capacity is measured, must be 
reduced to indicated or internal horsepower by dividing by an assumed 
mechanical efficiency based on the average efficiency of a reciprocating 
-engine of approximately the same power. 
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Suppose in the above case a turbine is substituted for the engine, 
and develops a brake horsepower of 550, the weight and initial pressure 
of the steam, and the temperature of the condensation remaining the 
same. What will be the thermal efficiency? 

Assuming as an average a mechanical efficiency of 0.93 for a recipro- 
cating engine of this size, the indicated horsepower is found to be 
550 -J- 0.93 = 591. 

The remainder of the computation is the same as that given for the 
reciprocating engine, except that 591 is substituted for 600. 

Superheated Steam 

Steam which has been heated to a temperature higher than that due 
to its pressure, is called superheated. It contains a greater amount of 
heat than is given by a steam table, depending upon the degree of super- 
heat. Superheated steam gives a higher efficiency than saturated steam, 
but is not used to any great extent in reciprocating engines on account 
of the difficulty experienced in lubricating the cylinder at such high 
temperatures. Turbines, on the other hand, do not require lubrication 
in the steam chambers, as there are no rubbing surfaces; hence, in a 
steam turbine, it is possible to take advantage of the higher efficiency 
due to the use of superheated steam, and these machines are com- 
monly operated in this way. 

Effect of Superheat on Efficiency 

From the definition of superheated steam, it is evident that the weight 
of steam consumed by an engine in a given time does not indicate the 
amount of heat used. As turbines are commonly operated with super- 
heated steam, and reciprocating engines with saturated steam, it is 
evident that in order to make a proper ^comparison of the efficiencies 
of the two, the comparison should be made on the "heat-unit" basis. 
This method has already been described for the engine and turbine 
using saturated steam. When superheated steam is used, the additional 
heat contained in a pound of steam should be added to the total heat 
obtained from a steam table for the given pressure. This additional 
heat may be found by multiplying the degrees of superheat by the spe- 
cific heat of superheated steam, which may be taken as 0.48. 

For example, a pound of steam at 100 pounds gage pressure, with 150 
degrees of superheat, contains 1185 -f (150 X 0.48) =1257 T. U. In 
calculating the efficiency of a turbine using superheated steam, the com- 
putations should be made as previously described, except that the item 
of superheat under the given conditions should be added to the total 
heat as noted above. 

Effect of Superheat on Water-rate 
For the same reasons as were mentioned in connection with efficien- 
cies, it is evident that a distinction should be made in regard to the 
-water-rate of engines or turbines using superheated steam. Data in 
regard to this are based largely on experiment, but for approximations 
it will be sufficiently accurate to allow a reduction in steam consump- 
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tlon of 8 per cent for each 100 degrees of superheat. That fs, If an 
engine shows a water rate of 14 pounds per indicated horsepower — with 
saturated steam— the water-rate would drop to 14 x 0.92 = 12.88 pounds 
if the steam were superheated 100 degrees, or to 14 X 0.84 = 11.76 
pounds with 200 degrees of superheat. When making a comparison of 
the steam consumption of an engine supplied with saturated steam, 
and a turbine using superheated steam, the results should be reduced 
to a common basis by use of the above factor. 

Lubrication 
It has been mentioned in connection with the use of superheated 
steam that no oil is required within the steam chambers of the turbine. 
This makes it possible for the condensed steam to be used repeatedly 
in the boilers without the process of purifying, which is necessary in 
the case of reciprocating engines. The amount of oil required for the 
main bearings is small, as it is the usual practice in large plants to 
circulate the oil through the bearings instead of applying it and allow- 
ing the surplus to be wasted. 

Quietness of Operation 

The quietness with which a turbine-generator operates depends upon 
its design. The high speed at which it runs tends to produce a roaring 
noise, which may be reduced by making the exterior of the rotating 
field as smooth as possible, and also by encasing the generator. When 
the latter method is resorted to, the generator must be cooled by an 
air blast through the space within the casing. 

Oare and Operation 

In the care and operation of a turbine, the same general precautions 
are to be observed as with a reciprocating engine of the same size. 
Special care should be taken in wpming up a turbine before starting, 
for unless all Iparts are brought to their proper temperature, -distortion 
is likely to occur, which may cause interference of the moving parts. 
Before starting up, steam should be admitted slowly and allowed to 
blow through the turbine while it is standing idle. Then, when started, 
it should be brought to speed slowly, to avoid a sudden rush of water 
from the boiler, the same as with a reciprocating engine. While the 
turbine is warming up, the auxiliaries, which include the circulating 
pump, hot-well and dry-air pumps, and oil pump, should be started, in 
order. 

When superheated steam is used, the turbine should be rotated slowly 
for some time before bringing up to speed, in order that all parts may 
reach their normal temperature without too sudden a change. When 
shutting down a turbine. It is a wise precaution to partly close the 
throttle before reducing the load on the generator, so that it can be 
easily controlled should there be any tendency to speed up and the 
emergency valve fail to work. After closing the throttle, the c6Bdens- 
ing apparatus should be shut off, the same as for a reciprocating engine. 
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CHAPTER I 



PUMPS 



Pumps are used for various purposes in connection witli power and 
heating plants, the most important use being for the feeding of boilers, 
for the return of condensation from heating systems, for tank 
and fire service, and as part of the condensing outfit. The action of a 
pump is best described by reference to one of the simplest types, known 
as the direct-acting steam pump. This pump is shown in elevation in 
Fig. 1 and in section in Fig. 2. The "water end" is at the right, and 
consists of a cylinder H, a piston G, valves Y and W, and airchamber A, 
The water piston is actuated by a steam piston P, attached to a com- 




Flg. 1. Dlreot-aotlziff Steam Pump 

mon piston rod R, . as shown. The iteam piston moves in cylinder C, 
and is forced backward and forward by steam pressure, which is con- 
trolled by the slide-valve E, the same as in a steam engine. Motion is 
transmitted to the valve E by means of the piston rod through the 
bell-crank F. The inlet connection is at S, and communicates with the 
£pace / just below the lower valves Y. The discharge is at D. 

The action of the pump is as follows: Assume that the piston is 
moving toward the left, as indicated by the arrow; this causes a 
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pressure in the left-hand end of the cylinder which raises valve W and 
allows the water to flow into the upper chamber, and thus outward 
through the delivery pipe D. In the meantime a partial vacuum is 
formed in the other end of the cylinder, which causes the valve T to 
lift, due to the greater pressure in the space /, and the cylinder space 
at the right of the piston is thus constantly kept full of water when 
tfie piston moves toward the left At the end of the stroke the steam 
valve reverses, and the piston moves toward the right, forcing out the 
water in front of it into the delivery chamber, and drawing in a 
supply behind it for delivery at the next stroke, as already described. 




Flff. 2. Soctlon of Dlr^ot-aoUnir Steam Pump • 

The air-chamber A tends to equalize the pressure at the instant the 
piston changes its direction of travel, thus causing a steadier flow of 
water through the discharge pipe. This is brought about by the cush- 
ion of air which is compressed in the upper part of the chamber, and 
which exerts a momentary pressure after the piston stops. The water 
end of the pump above described is typical of the cylinder pump, 
whether driven by a steam piston or by other means. Centrifugal and 
rotary pumps differ in principle from the above, and w^ill be described 
in detail later. 

Suction is the term commonly employed to denote a lowering of the 
pressure within the inlet pipe below that acting upon the surface of 
the water with which the "suction pipe" connects. For example, let 
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the suction pipe of a pump connect with a reservoir of water open to 
the atmosphere. If now the piston moves forward, a vacuum will be 
formed back of it which will at once be filled by tbe water which is 
being forced in through the suction pipe and inlet valves, due to the 
pressure of the atmosphere acting upon the surface of the reservoir. 

A column of water, 1 inch square and 1 foot high, weighs 0.433 pound 
when at a temperature of 60 degrees F. The normal pressure of the 
atmosphere at sea level is 14.7 pounds per square inch. Hence, atmos- 
pheric pressure will raise water to the height of 14.7 -5- 0.433 = 34 feet. 
in round numbers, in a pipe connected with a perfect vacuum. From 
the foregoing it is evident that what is commonly known as suction is 
in reality the forcing of water under a higher pressure (atmospheric 
in most cases) into the cylinder, which is under a partial vacuum due 
to the forward movement of the piston. 

In actual practice it is not possible to produce a perfect vacuum back 
of the piston owing to imperfections which allow the leakage of air 
into the cylinder. With the very best construction it is possible to re- 
duce the pressure within the cylinder to about 2.5 pounds per square 
inch, leaving an unbalanced pressure of 12.2 pounds, which will raise 
a column of water in the suction pipe to 12.2 -r- 0.433 = 28 feet. The 
average pump in good working order will lift water by suction only 
iib<{ut from 25 to 26 feet, with a fair degree of economy. 

In cases where a pump takes its supply directly from the mains of 
a town or city water system, some means should be provided for equal- 
izing the pressure, as this is constantly changing due to the water 
being drawn ofT at different points. When the water comes to the 
pump under varying pressure, an increase of pressure in the suction 
pipe is equivalent to a decrease in the pressure pumped against, and 
this condition is, therefore, likely to vary the speed of the pump, even 
when the head pumped against remains constant. This is especially 
noticeable in boiler feeding, where the pumps are set to run at a 
uniform speed against a constant pressure, thus maintaining the water 
line at a given point. If the speed of the pump varies, due to changes 
of pressure in the suction or supply pipe, the water level in the boilers 
is liable to fluctuate rapidly and must be carefully watched. 

This condition is commonly overcome in two ways, one of which is 
to use a pressure reducing valve in the suction pipe of the pump, which 
maintains a constant pressure at this point; the other method is to 
employ a pump governor which maintains a constant speed under 
widely varying pressures. The effect of a fluctuating suction pressure 
is sometimes overcome to a considerable extent by throttling the sup- 
ply by partially closing the valve and causing the pump to "draw" the 
water through it. The most satisfactory method, however, is the em- 
ployment of a governor, which makes the action of the pump inde- 
pendent of the pressures either upon the suction or forcing side of the 
piston. 

When pumping hot water, it is usually necessary to place the 
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pump low enough for the water to flow into it by gravity. This is be- 
cause water at high temperatures will break into steam under low pres- 
sures. Theoretically, water at a temperature of 200 degrees can be 
raised 8 feet by suction, but in practice it has been found safer to bring 
the water to the pump by gravity when the temperature approximates 
190 degrees. A pump built for hot- water service also requires special 
packing for the valves and piston in the water end. 

Pressure Head 

The pressure against which a pump forces the water is usually ex- 
pressed in "feet head." For example, a pump feeding a boiler against 
a pressure of 100 pounds per square inch is operating under a head of 
100 -i- 0.433 = 231 feet, that is, each pound pressure per square inch 
against which the water is forced is equivalent to lifting a column 
of water 1 inch square and 2.31 feet high. Prom the above, it la evi- 
dent that 

pressure per square inch in pounds -i- 0.433 = head in feet, and 

head in feet X 0.433 = pressure per square inch in pounds. 

In determining the pressure head or total height to which the 
water must be raised, the distance must be taken from the surface of 
the water in the reservoir from which it is drawn to the point of 
discharge. The same power is required to raise water by suction as 
to force it, and the height of the pump above the water does not enter 
separately into the calculation at all, provided it is not more than 28 
feet. This is made plain by a practical example. Assume that a pump 
is raising water by suction 18 feet, and discharging it at this elevation 
without forcing it at all, all the w^ork being done on the suction side of 
the piston. When water is raised to this height by suction, the air 
pressure in the suction pipe is reduced to 14.7 — (18 X 0.433) = 6.9 
pounds per square inch. This leaves an unbalanced pressure upon the 
other side of the piston equal to 14.7 — 6.9 = 7.8 pounds per square 
inch. The effect is therefore, the same as if the pump were forcing 
the water against this pressure with the water flowing into the cylinder 
by gravity. To illustrate this, take a case where the water flows to 
the pump by gravity, and is raised to a height of 18 feet. Here the 
pressure per square inch against which the piston must work is 18 X 
0.433 = 7.8 pounds, the same as in the case above. Hence it is evident 
that the work done by the pump is the same whether the water is 
raised a given distance by suction or forced to the same height by the 
pressure of the piston. 

Friction Head 
In what has been said regarding the pressure head required for rais- 
ing water to a given height, or forcing it against a pressure, as in 
boiler feeding, no reference has been made to the resistance due to the 
friction of the water against the sides of the pipes. In computing the 
required power for operating a pump, and the pipe sizes in a boiler 
plant where the distances are short, no account is taken of this, but 
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-when vater is moTed long distances through pipes, this must be taken 
into consideration. For convenience in making computations, tables 
have been prepared giving the frictional resistance for pipes of dif- 
ferent diameters and different velocities of flow of water. A portion 
of such a table is given herewith (see Table I) for purposes of illus- 
tration. More complete tables can be* found in any engineer's hand- 
book on hydraulics. 

Table I gives the velocity in feet per second, and the friction head 
in pounds per square inch for pipes from 1 to 8 inches in diameter and 

TABIiB I. PIPE SIZBS, CAPACITIBS. VBLOCITY AND FRIOTION HBAD 
Velocity in feet per second. Friction head in pounds per square inch per 100 feet 
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100 feet in length. As the frictional resistance is proportional to the 
length, the friction head for any other length is easily found as follows: 
From Table I the friction head for a 4-inch pipe discharging 300 gal- 
lons per minute is 2.7 pounds per square inch. For a pipe 800 feet 
long this would be 8 X 2.7 = 21.6 pounds, and for a pipe 50 feet long, 
0.5 X 2.7 = 1.35 pounds per square inch. 

The friction heads given in Table I are for straight runs of pipe; 
when elbows and valves are introduced, the resistance is increased. In 
computing the friction head under these conditions it is sufficiently 
accurate to assume the resistance due to each elbow as increasing 
the length of the pipe 60 diameters, and the resistance due to each 
globe valve as increasing the length 90 diameters. 
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"Slip" is the term used to denote the difference between the theoreti- 
cal capacity of a pump and the actual, and is usually expressed as a 
percentage of the theoretical or calculated discharge. Slip is due 
partly to leakage around the piston and valves, but more especially to 
the results of too high speed. When a pump runs too fast, the piston 
speed is so high that the water cannot flow through the valves fast 
enough to completely fill the cylinder; hence the actual discharge is 
less than the theoretical. Another effect of high speed is its action 
upon the seating of the valves. These do not act instantaneously, but 
require a certain length of time to reach their seats when the piston 
reverses its direction. When a pump runs at high speed the piston 
will move a considerable distance while the valves are descending to 
their seats, and water will flow back into the cylinder from the dis- 
charge chamber, thus reducing the volume actually pumped at each 
stroke. The average slip in pumps of different kinds at medium 
speeds is given in Table II. 

Pump' Valves 

The valves in the usual type of pump are carried by two plates oi 
decks, the inlet valves being below the discharge valves, as shown in 



TABLB n. FHBOBMTAaB OF 8UP IN PU1CP8 



j^lfP6 of Pnn^ 


Percentft8r« of 
SUp 


Actual Dischaxse 

expressed as a 

Percentace of the 

Theoretical 

Value 


Boiler feed puTnj¥? 


20 
6 

65 
45 
20 


80 
95 
85 
55 

80' 


Water works pumps 


Small centrifugal pumps 

Medium centrifugal pumps 

Large centrifugal pumps 



Fig. 2. The valves used in practically all pumps, except pumping en- 
gines, are of the flat disk type shown in Fig. 3, and consist of a ring 
of special material pressed into a metal casing or plate, which slides 
upon a bolt screwed into a bridge across the port opening, as shown. 
A conical spring is employed to hold the valve firmly to its seat, the 
spring being held in position by the head of the bolt. 

In order to reduce the slip of a pump, it is customary to use several 
small valves instead of a single large one of equivalent area, and to 
secure a full port opening it is necessary for the valve disk to rise a 
distance equal to one^uarter of its diameter from the seat. From this 
it is evident that the travel of the valve and the consequent wear and 
jar is much less with disks of small size. For a quick-running pump 
for ordinary service the valves should not exceed 4 to 4% inches in 
diameter, and their combined area should not be less than 35 per cent 
of the area of the water piston or plunger. 
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Size of Suction and Delivery Pipes 
The area of the suction pipe is based upon the velocity of flow 
through it, and may be found by means of the following formula: 



l> = - 



ax fi 



(1) 



in which 

2) = area of suction pipe in square inches, 

a = area of piston or plunger in square inches, 

;$:= piston speed in feet per minute, 

y = velocity of flow through suction pipe in feet per minute, 
velocity equals: 

200 for 25 feet in length, 
180 for 50 feet in length, 
150 for 100 feet in length, 
125 for 125 feet in length. 



This 




Jfoo4<ncry.ir.r. 
n^. 8. Diak>typ« Pump Votva 



UaoMner\i,ir.Y, 
Flff. 4. Pomp with Vaounxn Obamber 



These velocities allow for two or three elbows, a stop valve and a 
foot valve. 

The area of the delivery pipe may be found by the same formula by 
substituting 300 for the value of V in all cases. This is because in the 
suction pipe the pressure acting to force the water through it is prac- 
tically constant and never exceeds that of the atmosphere, hence any 
increase in frictlonal resistance due to a greater length of pipe must 
be allowed for by assuming a lower velocity of flow through it. In the 
case of the delivery pipe a constant rate of flow may be maintained by 
increasing the steam pressure or by using a larger steam cylinder. 
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Speed 
For pumps of usual construction, having water cylinders less than 
10 inches in diameter, the best results are obtained with piston speeds 
of from 30 to 40 feet per minute for continuous operation. When the 
pump Is only used occasionally for short lengths of time, the speed 
may be increased to 60 or 80 feet per minute without undesirable re- 
sults. The speed of a pump is often given in strokes per minute 
instead of in feet, as the reversal gf the piston at the end of the stroke 
is what is detrimental to the pump at high speeds. For elevator ser- 
vice and similar purposes, the maximum speed of a direct-acting pump 
should not exceed 60 strokes per minute, and for boiler feeding, it 
should be kept down to from 25 to 35 strokes. 

Area of Steam and Water Cylinders 
The steam cylinders of nearly all direct-acting pumps are of larger 
diameter than the water cylinders; as a rule they are from 25 to 50 
per cent greater in diameter. In pumps employed for boiler feeding, 
the ratio of diameter of steam to water cylinder is usually about 1.25. 
In pumps used exclusively for low-pressure work, that is, for moving 
large volumes of water under low pressures, the ratio is less, and for 
high-pressure work it is considerably more. The equations given be- 
low willbe found useful for proportioning the steam and water cylin- 
ders to meet different conditions. 

p A X P 

P = (2);p = ^ (3) 

A -H a a 

ax p A X P 

A = (4); a = (5) 

P P 

in which 

P = steam pressure per square Inch, 

p = water pressure per square inch (total head), 

A = area of steam piston in square inches, 

a=:area of water piston in square inches. 

The theoretical capacity of a pump in cubic feet per minute may be 
found by multiplying the area of the water piston in square feet by 
the piston speed in feet per minute, or by multiplying the piston dis- 
placement in cubic feet by the number of strokes per minute. To ob- 
tain the actual capacity the?e results must be corrected for slip. 
While the above results are obtained in cubic feet, they may be changed 
to other denominations by the use of the factors given below: 

Cubic feet x 7.5 := gallons. 

Cubic feet x 62 = pounds, 

Gallons X 8.3 = pounds. 

The power required for operating a pump may be found by either 
of the following equations, depending upon the data at hand. 

W X H 
H. P.= (6) 

33.000 
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aXPXS 
H. P. = (7) 

33,000 

AXPX S 

H. P. = (8) 

33,000 
in which 

H. P. = delivered horsepower, 

W = pounds of water pumped per minute, 
IT = vertical height to which it is raised, in feet, 
.A = area of steam piston, in square inches, 
a = area of water piston, in square inches, 
P = steam pressure, in pounds p^r square inch, 
p = water pressure, in pounds per square inch, 
S = piston speed, in feet per minute. 
Equation (6) applies to any form of pump, as the power is hased 
entirely upon the weight of water and the height to which it is raised; 
the piston areas and the pressures do not enter into the computation. 
Equations (6) and (7) are for short pipe connections and do not take 
into account the friction head. If the discharge is of considerable 
length, the power required to overcome the friction should be com- 
puted from data given in Table 1, and added to the results given by 
equations (6) and (7). Equation (9) may be used for determining 
the horsepower due to friction in the discharge pipe: 

F xcxV 

H. P. = (9) 

33,000 
in which 

F=: friction head in pounds per square inch for the given length of 

pipe and velocity of flow through it, 
c = area of pipe, in square inches, 
V = velocity of flow through pipe, in feet per minute. 

Air and Vacuum Chambers 

Air chambers, as already stated, are used en pumps for the purpose 
of causing a steady discharge of water and allowing the pump to run 
at a higher rate of speed. The location and general form of an air- 
chamber is shown at A in Fig. 2. The air which it contains is com- 
pressed during each stroke. When the piston stops momentarily at 
the end of the stroke, the air expands to a certain extent, and tends 
to produce a gradual stopping of the flow of water, thus permitting 
the valves to seat easily without shock or Jar. 

In the case of single-cylinder boiler feed pumps, and those employed 
for elevator service, the volume of the air chamber should be at least 
three times that of the piston displacement. For duplex pumps it 
should not be less than twice the piston displacement of one of the 
pumps. In the case of high-speed pumps, this ratio should be in- 
creased to 5 or 6. 
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The action of a vacuum chamber is the reverse of that of an air 
chamber. When the column of water in the suction pipe is once set 
in motion, it is important to keep it in full motion, and when it is 
stopped, it should be done gradually. This is accomplished by placing 
a vacuum chamber on the end of the suction pipe as shown in Fig. 4. 
The moving column of water compresses the air in the chamber at the 




Fltf. 6. Low-precsure Steam Pump 

end* of the stroke, and when the piston starts again, the air expands 
and thus aids in setting the column of water in motion once more. 
The vacuum chamber is usually made the same size as the suction pipe 
and of considerable length, rather than of large diameter and short. 

I Types of Pumps 

Fig. 1 shows a duplex piston pump designed for water pressures up 
to 150 pounds. The two pumps are placed side by side, and so com- 




FliT* 6. Heavy Pattern Duplex Pleton Pump 

bined that one piston actuates the steam supply for the other, after 
which it finishes its own stroke and waits for its valve to be acted 
upon by the other pump before it can renew its motion. This pause 
allows the water valves to seat quietly, and prevents any harshness of 
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motion. This particular pump is made in sizes from 2 x 1^ x 2% 
inches up to 16 x 9^ x 10 inches, in which the first dimension is the 
diameter of the steam cylinder, the second, the diameter of the 
water cylinder, and the third, the length of the stroke. The maximum 
capacity varies from 4.4 to 614 gallons per minute. 




MaoMnery.N.T. 
Plff. 7. 8«otion of Planffer>t7P« Pomp 

The pump shown in Fig. 6 is designed especially for use in apart- 
ment houses and private buildings, where low-pressure steam heating 
systems are in use, and where pumps are required to run with a low 
steam pressure. This condition requires a larger steam piston for a 
given size of water piston than is furnished in pumps of regular pat- 




Fl0. 8. Outside Packed Plu&ffer Pump 

tern. This pump is made in sizes ranging from 3 x % x 3 inches to 
9 X 314 X 10 inches with corresponding capacities of 1.5 to 70 gallons 
per minute. 

Fig. 6 shows a heavy pattern duplex piston pump especially adapted 
to boiler feeding, although the larger sizes are used for fire purposes 
and general service work. The water ends are made to carry a work- 
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Ing pressure of 150 pounds, and the pumps are made in sizes ranging 
from 2 X 1% X 2% inches to 10 x 6 x 10 inches with corresponding ca- 
pacities of 3 to 200 gallons per minute. 




Fig. 10. AntomaUo Pomp and Beo«lv«r 

The pumps thus far described have been of the piston type shown in 
section in Fig. 2. A different design, known as a plunger pump, is 
illustrated in Fig. 7. In this case the piston is replaced by a plunger 
working in a renewable bushing, which is more easily replaced than a 
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cylinder lining. For this reason plunger pumps are often preferred 
when the water is gritty, or when it for any other reason cuts out 
the packing rapidly. 



^C^ 




Fig. U. Triplex Power Pump 

The outside packed plunger pump, shown in Fig. 8, is designed es 
pecially for heavy service, and for use where the water carries large 

TABLB in. OYLINDBR DIAMBTBRS OF COMPOUND STEAM PUMPS 



Diameter, 

Hiffh- 

preaeure 

Qrlinder, 

Inches 


Diameter, 

Low-pressure 

Cylinder, 

Inches 


Resultinar 
Ratio of 
Expansion 


Diameter, 

Hiffh- 

pressure 

Cylinder, 

Inches 


Diameter. 

Low-pressure 

Cylinder, 

Inches 


Resulting: 

Ratio of 

Expansion 


6 

7 

8 

9 

10 


10 
12 
12 
14 
16 


2 8 
2.9 
2.8 
2.4 
2.6 


12 
14 
16 
18 


18 
20 
24 
80 


2.8 
2.0 
2.3 

2.8 



quantities of grit or other foreign matter of a similar nature. It is 
of heavy construction, heing huilt for water pressures up to 250 pounds 
per square inch. One important feature of this design is the arrange- 
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ment for packing the plungers from the outside, as the name Impliea 
These pumps are especially adapted to boiler feeding, and are built In 
sizes ranging from 95 to 4500 boiler horsepower capacity. 




Tig. 12. Section of Oompound Steam Pump 

The pot valve pressure pump shown In Fig. 9 is extensively used for 
boiler feeding, it being designed for a working pressure of 300 pounds. 
It has four water cylinders and four single-acting plungers which are 




FIir> 13* Oeneral Oonotraotloti 
of Rotary Pump 



Flff. 14. Impeller of Centri- 
fugal Piimp 



packed from the outside. The larger sizes are extensively used for 
elevators and hydraulic presses. 

The outfit illustrated in Fig. 10 is used for automatically returning 
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to the boilers the condensation from low-pressure heating systems, 
drying cylinders,, steam jackets, etc. A float within the receiver main- 




FliT* 10' Double Inlet Oenttiftaffal Pump 





«ai ^ 






gp 





FIir« 10* Bteam-torblne Driven OentrlAagsl Pump 

tains a constant water level, starting and stopping the pump as re- 
quired by means of lever connections between the float and a balanced 
valve in the steam supply pipe. 




Fiff. 17. Impellers of Turbine Pump 

Triplex power pumps, (Fig. 11) are used in place of the direct-acting 
type where it is desired to operate them by belting from a line of 
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shafting or from an engine shaft. Power pumps are not so well 
adapted to boiler feeding as steam pumps, because they run at a con- 
stant speed, and any variation in the amount of water required must 
be cared for by a relief valve in the discharge pipe, while the speed 






Pitf. 18. Turbine Pump 

of a direct-acting steam pump may be adjusted to meet varying re- 
quirements. 

The ordinary form of direct-acting steam pump does not use steam 
like a steam engine, expansively, but takes it at boiler pressure for 

the full stroke. This makes it 
wasteful In the use of steam, so 
that with the larger sizes it is 
mm^^^ ^^^^^^h^ customary in many cases, where 

^mji^m^^^^^^^f^S^ ^^^ steam pressure runs from 75 

^ lB^^^^^^^^«r a to 100 pounds, to use a com- 

m mJ^ ^W * I pound pump. By doing this a 

^ ^K^ m% A saving of from 20 to 35 per 

k BV ll^k? ^^^^ ^^ made with non-condens- 

^k I V^^k^B '^^ pumps, and of from 25 to 40 

^ftj f^^^^L ^^^ ^^^^ with condensing pumps. 

l^^l' J \^^^H ^ common arrangement of the 

■f^^L mf^ '^^K steam cylinders is shown in Fig. 

^K ^^^ ^mM ' *^m ^^t th^ high-pressure cylinder, 

^ ^ '^^^| . _^^'^Km K l>eing at the right, and the low- 

^^^B^B^J^B A# .^r pressure at the left. Steam is 

^^^^^^ ^^^'.JF^W fiJst admitted to the high-pres- 

3 -B^^ ^w ^a^ gurg cylinder, and from here it 
is exhausted into the steam 
chest of the low-pressure cylin- 
der through a side pipe. The 
effect cf this is to use the steam 
expansively, the ratio of expansion commonly running from 2 to 4. 
Table III gives the sizes of cylinders commonly used for compound 
pumps and the resulting ratios of expansiqp. 



FlflT. 19. DUAislon Vanes of Turbine Pump 
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BotfiUT Pumps 
Pumps of the rotary type are employed for lifting and forcing water 
under low heads, and are somewhat more efficient than the direct- 
acting piston pump. Rotary pumps are driven by means of belts from 
line shafting, by gearing, and by direct-connected motors of various 
kinds. There are several designs of this type of pump in common use, 
one of which Is shown in section in Fig. 13. This contains two im- 
pellers, each carried on a steel shaft running in bearings outside of 
the cylinder. These shafts are connected by gearing, and power is 
applied by means of belting to one of the shafts. The suction pipe is 
at the bottom, and the delivery at the top, the water being carried by 
the impellers which are always in contact as they revolve. 

Centrifugal Pumps 

Centrifugal pumps are used largely for circulating the water through 
condensers In turbine power plants, for forced hot-water circulation 
in certain forms of heating, and for many other purposes where large 
volumes of water are to be handled quickly. A common form of double- 
inlet centrifugal pump is shown in Fig. 15, and consists of a hollow 
casing inside of which is a revolving fan or impeller of the general 
form shown in Fig. 14. When in action, the water enters the opening 
at the center of the impeller, and is thrown outward into the casing, 
partly by the pressure of the blades, and partly by centrifugal force. 

Pumps of this form are most efficient when working under pressure 
heads of from 20 to 30 feet, but may be so designed that lifts up to 500 
feet or more may be obtained with a good degree of efficiency. The 
capacity of a centrifugal pump depends upon the size and speed of the 
impeller and height of lift. A centrifugal pump driven by a direct- 
connected steam turbine is shown in Fig. 16. 

Turbine Pumps 
A turbine pump is a centrifugal pump of slightly different design 
from the one just described. The turbine pump shown in Fig. 18 is 
driven by an electric motor^ and contains four impellers mounted on 
a single shaft as shown in Fig. 17. these running between diffusion 
vanes of the form shown in Fig. 19. The principle of operation is 
practically the same as in the centrifugal pump already described. 
Turbine pumps are successfully employed for water works, elevator 
service, boiler feeding, hydraulic mining, fire service, etc. 
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CONDBNSERS 

The purpose of attaching a condenser to a steam engine is to ob- 
tain a reduction in the back-pressure, due to the formation of a partial 
vacuum In the chamber into which the engine exhausts. The effect of 
a condenser is either to Increase the power of an engine at a given 
steam consumption, or to reduce the steam consumption at a given 
power; this matter has been taken up in detail in Machinery's Ref- 
erence Series No. 70, "Steam Engines." 

There are four general types of apparatus commonly " employed for 
condensing the exhaust steam and producing a vacuum in the engine 




Fiir> 20. Oommon Form of Burftbce Condenser 

cylinder or exhaust pipe, known as surface, jet, barometric or siphon, 
and atmospheric condensers. These, In turn, each comprise two or 
three sub-divisions. For example, the surface condenser is made 
both vertical and horizontal in form; the jet condenser is made ac- 
cording to three different designs, the horizontal double-acting, the 
vertical single-acting, and the duplex; and the barometric condenser is 
made in two forms, the nozzle and the spray type. 

Surface Condensers 
A common form of surface condenser, together with Its air and 
circulating pumps, is shown In elevation in Fig. 20, and In section in 
Fig. 21. The essential parts of this apparatus are a condensing cham- 
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ber, nearly filled with horizontal brass or copper tubes connecting with 
special chambers at each end, separated from the main body of the 
condenser by inner heads or tube sheets. Beneath the condensing 
chamber are the vacuum and circulating pumps, which in this case are 
driven by a single steam cylinder placed between them. 

In action, the exhaust steam from the engine enters the shell at 
the top and fills the condensing chamber, fiowlng around and among 
the tubes, while the cooling water is made to pass through them by 
means of the circulating pump. The steam Is condensed by contact 
with the co!d surface of the tubes, and drops to the bottom of the 
shell where it flows to one end and enters the air or vacuum pump 
and Is discharged into the hot-well. On entering the condensing Aiam- 
ber the steam strikes the baflSe plate and is thrown in both directions 
towards the ends where it passes downward to the lower portion of 
the chamber, thus distributing itself over the entire tube surface. 
The cooling water is delivered from the circulating pump into the 
chamber directly above it, from which it passes through the lower 
group of tubes into the chamber at the left, and from here through 
the upper group of tubes to the outlet at the right 

The tubes are commonly made of drawn brass or copper, tinned on 



TABLB rV. PITOB OF TOBBS AND NUMBHR OF TUBBS PBB SQUARB FOOT 



Pitch of 
Tabes, 

lBCh«8 


Namb«r per 

Square Foot 

of Space 


Pitch of 
Tubes, 
Inches 


Number per 

Square Foot 

of Space 


Pitch of 
Tubes, 
Inches 


Number per 

Square Foot 

of Space 
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172 
150 
187 


II 


128 
121 
116 




110 
106 



both sides. The diameter usually varies from ^ to 1 inch, depending 
upon the length. The thickness of metal depends upon the diameter, 
averaging about 0.05 inch for a tube % inch in diameter. The pitch 
of the tubes commonly varies from 1.5 to 1.7 of the diameter. This 
results in a certain number of tubes per square foot (See Table IV.) 

The condenser shown in Fig. 21 is known as the single-tube type, 
and is one of the simplest arrangements. The tubes are connected to 
the heads in various ways. In some cases they are fastened rigidly 
at one end and allowed to move at the other, in order to take care of 
the expansion and contraction. Tubes of this kind are made steam- 
and water-tight by the use of a stuffing box and gland. In other makes 
this arrangement is provided at both ends, as shown in Fig. 22. 

Another tube construction is shown in diagrammatical form in 
Fig. 23, and is known as the double-tube pattern. In this design the 
water enters and leaves the condenser at the same end, as in Fig. 21, 
first passing through the inner tube and then to the outlet by way 
of the outer tube, as indicated by the arrows. Since but one end of 
the tube is fixed, the opposite end merely projecting into the steam or 
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condensing space. It is free to expand and contract independently of 
the shell and of the other tubes. In other arrangements both ends of 
the tubes are expanded rigidly into tube sheets or inner heads, and the 
expansion it taken care of by a special construction of the shell. 

The cooling surface depends upon the temperature and weight of 
the steam to be condensed, and the initial and final temperatures of the 
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Maffhinery.N. Y. 
V\g. 22. Oontfcnser Tube with Stufflnir Box and Olaad mt both Bnda 

cooling water. The formula commonly used for determining the tube 
or cooling surface in any given case is: 

WL 
S= (10) 



in which 



180 {T — t) 



S=: cooling surface in square feet, 

W = weight of steam to be condensed per hour, in pounds, 
T = temperature of the steam at condenser pressure, in degrees F., 
t = average temperature of the circulating or cooling water, in de- 
grees F., 
L = latent heat of steam at temperature T. 

The condenser shell is made of cast iron, either circular or rectangu- 
lar in section, that shown in Figs. 20 and 21 being of the former de- 
sign. It is sometimes mounted on separate supports, but more com- 






11 



Condenser Tube of the Donble*tube Pattern 



Fl«. 28. 

monly combined with the vacuum and circulating pumps as show^n. 
It is customary to carry the tubes quite close to the shell, as it is 
found by experience that the steam will readily spread to all parts 
of the condensing chamber. Hence, the tube spacing arrangement be- 
comes entirely a matter of mechanical construction. After computing 
the cooling surface required, the diameter of the tube may be assumed, 
the length not exceeding about 120 diameters, and the spacing may be 
taken from Table IV. This practically determines the size of the 
shell. 
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For marine work, surface condensers are used almost exclusively, 
and they are also employed in stationary power plants. They are 
more bulky for a given capacity than other types, but may be used 
with any kind of cooling water, which is a decided advantage if the 
condensed steam is to be fed into the boilers again. This is often of 
much importance, where the feed water supply is of poor quality, and 
can be done without injury if the oil is thoroughly removed from the 
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Flff. 24. Bxterxutl View of Jet Condenser 

exhaust steam. In such a case only from 10 to 12 per cent of the 
boiler supply is made up of fresh water. 

Jet Condensers 
In a jet condenser the steam and condensing water mingle in the 
condensing cone, and the condensed steam is discharged with the 
water. As the condensing water acts directly upon the steam by actual 
contact, it will produce a greater drop in pressure for a given amount 
of water than when used in a surface condenser. When the condensed 
steam is fed back into the boilers it is evident that a portion of the 
cooling water goes with it; hence, in this case, the supply must be 
of a quality which is not detrimental to the boiler plates. 
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An external view of a jet condenser is shown in Fig. 24, and a sec- 
tion through the condensing cone in Fig. 25. By referring to the lat- 
ter illustration, it is seen that the exhaust steam enters at the top of 
the condenser and then meets the injection or cooling water, which is 
drawn in by suction due to the partial vacuum and discharged in the 
form of a spray by means of the adjustable cone shown at the center. 
The result is an instantaneous and complete condensation of the 
steam, which mixas with the cooling water, and with it is drawn into 
the pump and discharged either to the sewer or hot- well as the ease 
may be. ^ 

The vacuum breaker shown at the right prevents the water from 
rising any higher in the condenser than to its proper level. If by ac- 
cident the air pump should stop, the water will rise in the condenser 
sufficiently to lift the float, thus admitting air and breaking the vacuum. 
As soon as the pump is again started, the float drops to its normal 
position, the air relief valve closes, and the work of condensation is 
again resumed. 

Before determining the size of pump for a condenser, the volume 
of cooling water must be computed. 

This may be found with sufficient exactness for a jet condenser by 
the formula: 

S— (D — 32) 
Q = (11) 

in which 

Q = weight of cooling water per pound of steam condensed, 

S=: total heat in one pound of steam above 32 degrees, at terminal 
pressure, 

/ = initial temperature of cooling water, 

Z) = final temperature of cooling water. 

The terminal steam pressure will vary with the type of engine, the 
initial pressure, and the ratio of expansion. For average conditions, 
when no exact data is at hand, it may be assumed as 20 pounds per 
square inch, absolute. The total heat of evaporation corresponding to 
this pressure is 1151 heat units, which may be taken as the value of iS 
in the formula. The initial temperature of the cooling water is com- 
monly taken as 70 degrees F. in the summer time, and the final tem- 
perature as 110 degrees F. 

When the condensing water is taken from ponds and streams, its 
temperature will be only slightly above the freezing point in the win- 
ter, BO the quantity required will be considerably less than in the sum- 
mer. When making an estimate for the entire year, it is customary to 
assume an average temperature of 50 degrees F. 

When designing the pumps for a condenser it is necessary to make 
them of sufficient size to handle the maximum volume of condensing 
water, which of course increases with the initial temperature of the 
cooling water. In the case of surface condensers, the weight of water 
computed by Formula (11) should be increased about 20 per cent. 
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CONDENSERS 27 

Barometric or Siphon Condensers 

The barometric or siphon condenser is particularly well adapted to 
plants in which the condensing water is suitable for boiler feeding, and 
also to any plant where condensation of steam only is desired, the 
condensing water not being used. These condensers are able to main- 
tain a vacuum of 26 to 27 inches without the use of pumps or valves, 
and require practically no adjustment. 

A siphon condenser of the nozzle type is shown in Fig. 27. This 
type consists of a steam chamber in the form of a return bend, and is 
fitted with a relief valve at the top which closes automatically, due to 
its own weight assisted by a light spring. The steam flows through 
the regulating nozzle A, while the cooling water enters at the side of 
the nozzle chamber, and flows in a thin sheet or fllm through the an- 
nular orifice formed between the nozzle and the chamber wall. The 
throat or combining tube B is just below the nozzle A, and is of the 
tapering form shown. This connects with the discharge or tail pipe 
and should be at an elevation of 34 feet above the surface of the hot- 
well. In operation, the condensing water passing through the an- 
nular orifice formed by the nozzle A flows downward in a cone-shaped 
film into the combining tube B, where its velocity is sufficiently in- 
creased to enable it to carry air along with it, thus producing a vacuum 
in the steam exhaust pipe. The st6am flows downward through the 
regulating nozzle and into the cone-shaped fllm of water, where it is 
condensed. 

A condenser head of the spray type is shown in Fig. 26. This is 
used in connection with water and vacuum pumps as indicated in 
Fig. 28. The condenser is placed about 30 feet above the hot-well, and 
the water falls out of it by gravity against the pressure of the atmos- 
phere. The sectional view of the condenser cone and air cooler shows 
the method of distributing the condensing water within the chamber. 
This is done by means of a series of teeth at the lower end of the spray 
pipe in connection with a similar series upon the nozzle just below it. 
The falling water in the cone entraps a portion of the air set free by 
the condensation of the steam, and carries it down into the tail pipe, 
so that a partial vacuum is formed in the condenser and exhaust 
piping. 

In order to obtain the highest range of vacuum without using an 
abnormal amount of water to carry off the air, a separate dry vacuum 
pump is used, by means of which the air not carried off by the water 
is taken from the empty space under the spray cone in the condenser. 
On its way to the vacuum pump, the air passes through a cooler, con- 
sisting of a large number of tubes through which the condensing water 
passes, and around which the air circulates on its way to the pump. 
The usual sizes for the exhaust pipe and connection for the condenser 
head for different capacities are given in Table V. 
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Atmospheric Condensers 

A vertical section through one form of atmospheric condenser is 
shown diagram matically in Fig. 29. This condenser consists of an 
outer shell, cylindrical in form, to which are attached upper and lower 
tuhe sheets A and B, as shown. The shell is filled with air-tubes of 4- 
inch wrought-iron pipe, extending about 4 inches above the upper tube- 

TA.BIiB V. BXHAUST PIPB DIMBN8IONB FOR SPRAY TYPE OONDEN8BR8 



Weiffhtof 

Steam to be 

Condensed 

per Hour, 

Pounds 


Diameter of 

Exhaust Pipe 

and 

Condenser 

Connection, 

Inches 


Weiffht of 

Steam to be 

Condensed 

per Hour. 

Pounds 


Diameter of 

Exhaust Pipe 

and 

Condenser 

Connection, 

Inches 


1 Weight of 

Steam to be 

Condensed 

per Hour, 

Pounds 


Diameter of 

Exhaust Pipe 

and 

Condenser 

Connection. 

Inches 


2,000 
8.000 
4,000 


5 

7 
8 


5,000 
6.000 
8,000 


9 
9 

10 


10.000 
15,000 

^ 20.000 

1 


12 
14 
14 
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FIff. 28. Arrangement of Condenaer shown In Flff. 26 

sheet The exhaust steam enters through a special form of distributor 
near the bottom of the shell, and is made to circulate among the tubes 
by means of baffle plates not shown. 
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The cooling effect is produced by an upward movement of air 
through the tubes, which is greatly increased by pumping water into 
the water-pan above the upper tube sheet and allowing it to trickle 
downward through the tubes into the cistern below. The upper ends 
of the tubes are notched so that the water in passing into them spreads 
into a thin sheet, covering the inside surface. The exhaust steam in 
the shell heats the tubes and the film of water, causing the latter to 
evaporate rapidly, thus saturating the air and causing it to pass 
swiftly up the tube, carrying with it large quantities of heat taken from 
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Tig. 20. Section thron^h Atmospheilo Ctondenser 

the condensing steam. The water of condensation is taken off through 
a drain connection in the lower tube sheet, and the air from the upper 
outlet, as indicated. These pipes are connected and carried to a 
vacuum pump not shown in the illustration. The velocity of air-flow 
through the tubes is increased by carrying up a flue of light steel to a 
height of about 50 feet above the condenser. 

Cooling Towers 
From 20 to 30 per cent may be saved in fuel by the use of a con- 
denser. This estimate is based on the assumption that the water used 
for condensing the steam can be obtained free of cost. When the plant 



Digitized by LjOOQIC 



30 



No. r^—PUMPS AND CONDENSERS 



is located in a city where the water must be obtained at regular city 
rates, it often happens that it is more economical to run non-condens- 
ing than to purchase cooling water. In order to do away with the 
water expense, so-called cooling towers are now extensively used. By 
means of these the condensing water may be cooled and used over and 
over again with a comparatively small loss by evaporation. 
There are various forms of cooling towers in use. The general prin- 
ciples, which are practi- 
cally the same in each 
case, are well illustrated 
in Fig. 30. The tower con- 
sists of a steel shell in- 
side of which are sus- 
pended a number of mats 
of a special steel wire 
cloth, galvanized after 
weaving. The mats are, 
in effect, a metallic 
sponge, capable of holding 
a large quantity of water 
in suspension, which ac- 
cumulates and drips ofT 
into the reservoir at the 
bottom. The water to be 
cooled is pumped to the 
top of the tower and dis- 
charged through a num- 
ber of distributing nozzles 
upon the tops of the mats. 
From here it drips to the 
bottom, exposing a large 
surface to the air which 
is forced upward by the 
fans placed at the bottom 
of the tower. 

The cooling effect is due 
to three causes: first, ra- 
diation from the sides of 
the tower; second, the 
pi». 80. oooiin* Tower contact of the water with 

the cooler air; and third, the most important of all, the heat carried 
away in the process of evaporation. The proportion due to the latter 
cause may be easily calculated as follows: The latent heat of evapora- 
tion at 110 degrees is 1035; that is, 1035 heat units are absorbed in 
changing 1 pound of water from a temperature of 110 degrees into vapor 
at the same temperature. Suppose it is desired to cool 100 pounds of 
water 40 degrees. This will evidently require the removal of 40 X 100 
= 4000 heat units. If the evaporation of 1 pound of water will absorb 
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1035 heat units, then 4000 -^ 1035 = 3.86 pounds is the amount of evap- 
oration required to remove 4000 heat units, and therefore represents 
the loss necessary to cool 100 pounds of water 40 degrees in this man- 
ner; that is, 3.86 pounds of water will be evaporated for every 100 
pounds cooled 40 degrees in passing through the tower. With the best 
forms of cooling towers the temperature of the condensing water may 
easily be reduced from 40 to 50 degrees with a loss from evaporation 
not exceeding 3 to 4 per cent 

The volume of air to be passed through a cooling tower will depend 
upon the temperature and relative humidity, the condenser pressure, 
the weight of condensing water, and its final temperature. Professor 
E. P. Miller gives the results of two tests which are tabulated below, 

.TABLB VI. VOLUME OF AIR RBQUIRBD FOR OOOUNO TOWXRS 



Relative Humidity 
of Air 


Cubic Feet of Air 
required per Pound 
of Exhaust Steam 


RelatiTe Humidity 
of Air 


CuWcFeetof Air 
required per Pound 
of Exhaust Steam 


0.60 
. 0.70 


410 
420 


0.80 
0.90 


456 

480 



and which will be found useful in estimating the air volume for aver- 
age conditions. The first case (Table VI) relates to a condejiser main- 
taining 28 Inches of vacuum, and using 40 pounds of condensing water 
per pound of exhaust. The final temperature of the water is assumed 
to be 95 degrees, and the air temperature 70 degrees. 

The second case (Table VII) relates to a condenser maintaining 26 
inches of vacuum, and using 20.7 pounds of condensing water per 
pound of exhaust. A final water temperature of 119 degrees, and an 
air temperature of 70 degrees, is assumed. 

TABLE VII. VOLUME OF AIR REQUIRED FOR OOOLINa TOWERS 



Relative Humidity 
of Air 


CuWcFeetof Air 
required per Pound 
of Exhaust Steam 


ReUtive Humidity 
of Air 


CuWcFeetof Air 
required per Pound 
of Exhaust Steam 


0.60 
0.70 


176 

180 


0.80 
0.90 


184 
188 



An installation containing a steam turbine, surface condenser, pumps, 
and cooling tower, is shown in Fig. 31. The supply of cold water for 
the condenser Is drawn from the bottom of the cooling tower by a cen- 
trifugal pump, and then forced through the condenser, from the top of 
which it again passes to the tower to be cooled. In the towers shown, 
the air has been forced through them by fans. Towers are also made 
for natural draft, in which case the flue is extended to a considerable 
height above the cooling surfaces. 

A surface condenser requires two pumps, one called the circulating 
pump, for forcing the condensing or cooling water through the tubes, 
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and one called a vacuum or air pump for withdrawing the condensed 
steam and the air which it may contain. Separate pumps may be 
used for this purpose or the two may be combined with a single steam 
cylinder aa ahown in Fig. 21, . Both direct-acting ateam pumps and 
those of the centrifugal type are used for circulating pumps, while the 
direct-acting pump only, either of the vertical or horizontal type> is 
commonly employed for removing the air and condensation. 

A direct-acting vertical twin vacuum pump, of the single-acting type, 
is shown in Fig. 32. This type of pump is used in c<Anection with both 



DRY VACUUM PUMP 




Machinery, S,Y. 
Fig. 80. DlAirrammatlcal View of Steam Turbine with Surftuse Condenser 

surface and Jet condensers, and has the advantage of occupying a com- 
paratively small floor space. 

Jet condensers, as commonly used, require simply a vacuum pump, 
the cooling water being drawn Into the condenser head by suction. 
Both direct-acting steam pumps and centrifugal pumps are used for 
this purpose. Fig. 24 shows an outfit equipped with a direct-acting 
horizontal pump, while in Fig. 33 the condenser is provided with a 
centrifugal pump driven by a direct-connected steam engine. In some 
cases a pump is also used for forcing the water into a Jet condenser 
instead of drawing it in by suction. 

The high vacuum necessary to obtain the best el&ciency from a steam 
turbine has brought into use the dry vacuum pump. With this arrange- 
ment the air and condensed steam are removed from the condenser by 
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means of separate pumps. Dry vacuum pumps are usually of the ro- 
tative type, and require a higher grade of workmanship than is neces- 
sary with pumps used for a moderate vacuum. A large duplex pump 
of this type, designed especially for power plant service, is shown in 
Fig. 34. The air cylinders are at the left, and the steam cylinders be- 
tween them and the main shaft. 

A steam turbine arranged for high vacuum, and employing a surface 
condenser, is shown in Fig. 35. The dry vacuum pump is shown at 
the right, and is tlo connected that it removes the air from the top of 
the condenser. The condensed steam falls into the hot-well beneath 




Flff. 80. Bteam TorUn* Installation with Jet CtondeoMr 

the condenser, and is removed by the hot-well pump. A similar ar- 
rangement for a jet condenser is shown in Fig. 36. 

The circulating pump should be proportioned to handle the required 
volume of cooling water the same as for tank service, and in the man- 
ner already described. A common method of determining the size of . 
the air cylinder is by use of the following equation : 

V = WXC (12) 

y = piston displacement, in gallons per minute, 

W = weight of steam condensed, in pounds per hour; 

C7 = 0.045 for double-acting horizontal pumps; 0.022 for single-acting 
vertical pumps. 
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STBAM AND WATER PIPING 

Some of the more Important points to be kept in mind when design- 
ing a system of piping for a power plant are as follows: 

1. The route between the boilers and engines should be made as 
direct as practicable under existing conditions. 

2. Provision should be made for expansion and contraction, so that 
excessive strains will not be thrown upon the pipe and fittings. 

3. The piping should be so supported and anchored that vibration 
will be eliminated, so far as possible. 

4. All supply piping should be of such size as to avoid undue losses 
in pressure and excessive velocities. Low velocities should be the rule 
in exhaust lines, in order to minimize the back-pressure upon the en- 
gines. 

5. Proper Joints and packing should be used to make the system 
steam- and water-tight, and all pipes and fittings should be thoroughly 
insulated to prevent excessive loss of heat from radiation. 

€. Special attention should be given to the matter of drainage; the 
condensation from separators, main headers, and all other low points 
in the system should be thoroughly removed and returned to the boilers. 

7. Separate headers should be provided for the engines and auxil- 
iaries, and the whole system should be divided into sections, or else 
duplicated so far as practicable. 

Piping Materials 

Under the heading of piping materials are included the different 
kinds of pipe used in power plant construction, fittings, valves, etc. 
Although designated as wrought-lron pipe, the pipe commonly used in 
power plant work is made of wrought steel. When of good quality as 
to malleability and ductility, with joints properly welded, there is no 
advantage in using the more expensive wrought-iron pipe. . 

Pipe is classed according to weight or thickness of shell, being known 
as standard, extra strong, and double extra strong. Taking the weight 
or thickness of standard pipe as 1, the thickness of extra strong pipe is 
1.4, and of the double extra strong, 2.8. All of these weights of pipe 
have the same outside diameter, the additional thickness of metal being 
added to the inside of the pipe. The standard pipe of commerce, com- 
monly known as "Merchant" pipe, is lighter than the standard or "full 
weight" pipe. Manufacturers usually specify that the latter may vary 
5 per cent from the standard, but as a matter of fact, it almost invari- 
ably falls below. 

Pipe 3 inches in diameter and smaller is commonly butt welded, and 
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larger sizes lap welded. While it is possible to make larger pipe by the 
former process, the cost is greater, and it has, therefore, become the 
practice of manufacturers to limit the diameter of butt welded pipe to 
3 inches. 

Standard weight pipe is used for exhaust lines and for pressures up 
to 125 pounds, although some engineers consider it safe for pressures 
of 200 pounds or more. Heavier weights, however, are generally used 
for higher pressures, and also for pipes which, due to their location, are 
especially subject to corrosion. Table VIII gives data and dimensions 
relating to standard weight pipe. 

TABLE Vin. STANDARD PIPB DIM1ENSION8 
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12.75 
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Spiral riveled pipe is a pipe frequently used for low-pressure piping 
of large size, as in heating work, and for exhaust lines. Its advan- 
tages over wrought-iron pipe are its lightness and lower cost. Pipes 
which are to carry hot water should be of brass, owing to the corrosion 
cf wrought-iron or steel when used for this purpose. Pipes of this 
class include the connections between boilers and feed pumps, the at- 
tachment of boiler accessories, and all connections aroutid hot-water 
boilers for lavatory purposes. Seamless drawn brass tubing is made 
in sizes to correspond with standard wrought-iron pipe. 

The fittings used for making up wrought-iron pipe are usually of 
cast iron, although wrought-iron fianges are used to some extent in the 
best class of high-pressure work. For the smaller sizes of piping up 
to 2 or 2\(2 inches screwed fittings are commonly used, an elbow of this 
pattern being shown in Fig. 37. In the case of larger pipes, the flange 



Digitized by VjOOQIC 



STEAM AND WATER PIPING 



39 



fitting is almost uQiversally employed, it being much easier to connect 
where the space Is limited, and a!so easier to take down in case of 
repairs. A flanged tee is shown in Fig. 38. Cast-iron fittings are made 
in a great variety of forms to meet almost any requirements which may 
occur in the design of a system of piping. They .are made regularly 
in two weights: standard, for pressures up to 125 pounds per square 
inch, and extra heavy, for higher pressures up to 250 pounds. 

Gate valves are generally used in power plant work except where an 
angle valve will answer the purpose and take the place of a fitting. 
They offer but little resistance to the passage of steam through them, 
and if placed with the spindle in a horizontal position, or vertical with 
the hand-wheel at the top, they cannot form pockets in the piping 
for the accumulation of condensation. For all important lines of pip- 
ing, the rising spindle valve^ shown in Fig. 39 should always be used, 
so that the engineer can tell at a glance whether it is open or closed. 

Valves 6 inches and larger in size are usually provided with a by- 
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Maohtaery^S. Y, 
FlffS. 37 and 38. Pipe Plttlnffs 

pass as shown in Fig. 40. This allows the steam to be admitted slowly 
when first turning it on, and also equalizes the pressure on both sides 
of the main valve so that it can be opened easily, without scoring the 
faces of the gate and seat. Globe valves may be used in small vertical 
pipes, drip lines, etc.; when placed in horizontal pipes, care should be 
taken to have the stem horizontal. Check valves for vertical feed 
pipes should be of the "spring" type^ Swing checks are commonly used 
in horizontal pipes, but sometimes give trouble by chattering or beat- 
ing at each stroke of the feed pump. 

The matter of pipe Joints is an important one in the design and con- 
struction of a power plant. One of the simplest Joints is that shown 
in Fig. 41. In this case the pipes are threaded with a full taper and 
screwed into the flanges by power, so that the ends project slightly, and 
are then faced oti in a lathe, a thin cut being taken from the whole 
face of the flange. The Joints are commonly packed with a corru- 
gated copper gasket placed inside the bolt circle. This form of gasket 
is very durable, often lasting as long as the pipe. Piping made up 
with flanges of this kind is easily disconnected for repairs, as a sec- 
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tion may be removed without springing the joint apart, which is a 
matter of much importance in the case of long mains of large size. 

Another type of joint often used is shown in Fig. 42. Here the pipes 
are threaded and screwed into the flanges as before, but instead of 
being plane surfaces, the flanges are tongued and grooved as indicated, 
with a copper gasket placed at the bottom of the groove. This makes 
a very satisfactory and durable joint, the only objection being the ne- 
cessity of springing it apart when removing a section for repairs. 

Fig. 43 shows a joint in which the flanges are shrunk on the pipe, 
the ends of which are turned up as shown. No gasket is required in 





Fig. SO. BlatBff Spindle Valve Flff. 40. Larffe Valve wtOx By-paaa Valve 

this case, a ground joint being used instead. In the very best class 
of high-pressure work, where the cost Is no objection, it is customary 
to use wrought-iron flanges welded to the pipe. This makes the tight- 
est and most durable joint possible. One method of making a joint 
in a line of spiral riveted pipe is shown in section in Fig. 44. In other 
cases flanges are riveted to the pipe and bolted together with a gasket 
between them in the usual manner for low-pressure work. In the case 
of exhaust lines, the plain flange is used, with a vulcanized rubber 
gasket or oae of similar material. Table IX gives data regarding 
flanges for low- and high-pressure work. 
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In the design of a system of piping, either for power or heating, es- 
pecial care must be taken to allow for the strains due to expansion and 
contraction. Although this is of importance in heating work, it becomes 
doubly so in the case of high pressures, both because of the greater ex- 
pansion due to the higher temperature, and the more serious results 
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MachtHery,N.Y, 
Flffs. 41 and 42. Types of Pipe Joints 

In case of fracture under high pressure. Table X gives the expansion 
for each 10 feet in length for different steam pressures, in an atmos- 
pheric temperature of 50 degrees F. 

There are three methods commonly used for taking up the expansion 
in pipes: 

1. By using sweep bends in place of cast-iron elbows, and arrang- 
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Fig. 43. Pipe Joint with Flanffss 
Shrunk on the Pipe 




r\g. 44. Pipe Joint In Spiral Riveted 
Pipe Line 



ing the piping so as to provide the maximum amount of flexibility or 
spring. 

2. By the use of swivel joints. . 

3. By using expansion or slip Joints. 

The first method should always be employed, so far as possible, and 
should be supplemented by the other two where more flexibility is re- 
quired. A swivel Joint is shown in Fig. 46. The main and its con- 
tinuation, together with the offset, are clearly indicated in the illus- 
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tration, and any lengthening of the former Is taken up by a turning 
movement at the two swivels which are packed to prevent leakage. 
A slight turning movement of this kind Is kept tight more easily thaa 
a sliding movement. 
A balanced slip Joint is shown in section in Fig. 45; the path of the 
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steam Is indicated by the arrows. The Joint Is made tight by means 
of two glands with packing, and Is balanced by exposing the end A 
of the inlet pipe to atmospheric pressure. A type of expansion Joint 

TABI^ Z. EXPANSION OF PIPE AT DIFFERENT TEMPERATURES 



Pressure, 

Pounds 

Gaare 


Temperature, 
DesrreesF. 


Expansion 

in 10 Feec 

Inches 


Pressure, 

Pounds 

Gasre 


Temperature, 
Dearrees F. 


Expansion 

in 10 Feet, 

Inches 


10 
20 
80 
40 
50 
60 
70 
80 


240 
259 
274 
286 
297 
807 
816 
828 


0.148 
0.168 
0.175 
0.184 
0.193 
0.199 
0.207 
0.213 


90 
100 
110 
120 
180 
140 
150 


381 
887 
844 
850 
855 
860 
865 


0.219 
0.224 
0.229 
0.284 
0.288 
0.242 
0.246 



sometimes used in large outbound exhaust pipes, where there Is prac- 
tically no internal pressure, is shown in Fig. 47. This form Is par- 
ticularly adapted to spiral riveted pipe, to which the flanges A are 
riveted. Flexibility is secured by means of a copper ring attached to 
the flanges by the cast-Iron rings B, which are secured by bolts as 
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Steam and exhaust pipes should not only be strongly supported, but 
the supports should also be arranged to allow for the movement due to 
expansion and contraction. Overhead pipes, if not too large, are com- 
monly hung from the ceiling construction by adjustable hangers. Fig. 
48 illustrates a method of attaching a hanger to a brick wall by means 
of an iron bracket and anchor bolts. A similar type of hanger, clamped 
to the lower flange of an I-beam, is shown In Fig. 49. In both of these 
cases any movement of the pipe is cared for by the swinging of the 
hook upon the supporting rod. In Fig. 50 the hook is replaced by a 
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Fig. 45. Balanced 8Up JolDt 
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rig. 46. Swivel Joint 
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Fig. 47. Expansion Joint for Large 
Exhaust Pipes 



bolt and nut, and flexibility is secured by a spherical washer beneath 
the nut, shown in detail in Fig. 51. 

Pipes which run near the floor or over boiler tops are commonly 
carried on rolls of the general form shown in Fig. 52. These are made 
of cast iron, and are usually supported on brick piers. 

An arrangement for carrying pipe lines in a trench is illustrated 
in Fig. 53. In this case the pipes are supported in loops of strap iron 
hung from an overhead cross-bar with wheels at each end, running 
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on channel iron tracks as shown. Any movement of the pipe due to 
expansion is taken care of by these overhead trucks. 

Pipe Conduits 
There are various ways of constructing underground conduits for 
carrying pipe lines from one building to another* or through basement 
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Fiffs. 48 to 68. Pipe Supports and Hangars 

rooms where it is desired to keep them below the floor. In some cases 
concrete trenches are used covered with slate or slabs of concrete, while 
in others the mains are run inside of tile piping with cemented Joints. 

A waterproof conduit 
'l^^^^vy^^^ of good design is shown 
in Fig. 54. The upper 
part of this conduit is 
formed by one-half of a 
tile pipe of suitable 
size, split lengthwise, 
while the lower part is 
made up of concrete. 
The Joints are made 
water-tight by means 
of pitch and tarred pa- 
per, as shown. For 
heavy mains, electric 
cables, etc., it is necessary to construct tunnels of brick or concrete 
of sufficient size for a man to pass through when inspecting. 

Insulation 
All steam and exhaust piping should be protected with some good 
form of sectional covering to prevent loss of heat. In the case of high- j 
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pressure piping, there are two reasons for this: first, to reduce the. con- 
densation, and thus prevent useless waste of heat; and second, to keep 
the boiler and engine rooms as cool as possible. With the exhaust lines 
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the latter reason is the more important, unless the steam Is utilized 
for a heating system. All apparatus such as feed-water heaters, sur- 
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face condensers, receiving tanks, etc., should also be covered in a 
similar manner. 

Pipes are usually insulated with sectional covering provided with a 
canvas Jacket and held in place by thin metal bands. Valves and fit- 
tings are commonly covered with a plastic material and finished with 
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•canvas, the same as the piping. In the highest class of work moulded 
covering is often used in place of the plastic material, so that the cov- 
ering may he removed for purposes of inspection or repairs, and then 
be replaced without Injury. 

Hlcrh-presBure Plplngr 
Nearly all modern power plants are designed along two general lines, 
one of which Is shown in plan and elevation in Figs. 55 and 56. In this 
arrangement the engines and boilers are placed back to back, with a 
fire wall between. This arrangement is very compact and reduces the 
distance from the boilers to the engines to a minimum. The main 
header is preferably located In the boiler room, as it may be the means 
of avoiding serious injury to the engines and electrical apparatus in 
case of accident, thereby allowing the plant to continue in operation 







after cutting out the damaged sections by means of the valves pro- 
vided for that purpose. It is always best to use an Independent steam 
header for the auxiliaries, such as pumps, heaters, etc., as shown in 
Fig. 55. 

It will be noted in Fig. 56 that the level of the engine room is some- 
what above that of the boiler room. This is a very desirable arrange- 
ment as it allows a space for condensers and exhaust piping below the 
engines. This makes it possible to keep the engine room cooler, pre- 
vents damage from steam and water in case of leaks, removes the 
heavy and unsightly exhaust piping from direct view, and facilitates 
the matter of drainage. 

Flexibility is secured by using sweep bends in the boiler and engine 
connections with the main header, as shown in Fig. 56. Valves are so 
provided that any engine or boiler can be cut out of service indepen* 
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dently of the others, and in addition to this, the main header is divided 
into sections. 

In the second arrangement of power plants, the boiler and engine 
rooms are placed end to end as in Fig. 57, and the ring system of pip- 
ing employed. Valves are so placed in the main as to divide it into 
sections which may be cut out in case of accident or repairs. In 
some plants the more important lines of piping are duplicated, making 
it practically impossible to put the apparatus out of service by an acci- 
dent to the piping. 

Pipe Sizes 

There are various ways of computing the high-pressure pipe sizes 
in power plant work. . In general, the velocity of flow should not exceed 
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6000 feet per minute. A formula often used for determining the size 
of supply mains, when the length is not great, is given below: 



: = dJ 



5 X R. P. M. 



86,000 
In which 

d =3 diameter of steam pipe, in inches, 
D = diameter of engine cylinder, in inches, 
£f =3 length of stroke, in inches, 
p. M. = revolutions per minute of engine. 



(18) 



R. 



Feed Plpiner 

Three typical layouts for feed piping are shown in Figs. 58, 59 and 
60. The first of these applies to a non-condensing plant with a feed- 
water heater. The supply from the city main enters as shown, one 
branch leading directly to the boilers through an injector provided with 
a by-pass. The other branch leads to a receiving tank from which the 
water is pumped to the boilers as indicated. The feed-water heater is 
placed in a by-pass and can be used or not as desired. 

In Fig. 59 the piping is arranged for a surface condenser. The 
branch leading to the injector is the same as before. The other branch 
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goes directly to the pumps with an off-take to the hot-well provided 
with a float valve. The connections between the pumps and boilers. 
Including the feed-water heater, are the same as before. The discharge 
from the air pump goes to the hot-well, from which It may be fed Into 
the boilers by the pumps If desired. 

TO BOILERS . . ff. 




WATCR 8UPf>LY>^ 

Ui»oMn«rw,N.Y, 
Flff. 69. Feed Ptplnff tor Plaat 'wltb Btoteoe Condenser 

Fig. 60 shows a typical arrangement for a condensing system using 
a Jet condenser, and having both primary and secondary feed-water 
heaters. The receiving tank and Injector arrangements are the same 
as In Fig. 58, the only difference being that there are two heaters in- 
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stead of one. The primary heater Is placed next to the pumps and is 
supplied with exhaust steam at condenser pressure from the engines. 
The secondary heater Is next to the boilers and Is furnished with ex- 
haust from the feed pumps and other auxiliaries. The discharge from 
the condenser pump Is turned Into the sewer. 
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CHAPTER I 



STATIC BLBOTRIOITY 

Greece, with her art, her literature and philosophy, has left her 
stamp upon all other great nations, whose destinies have been largely 
moulded by the thought which emanated from the classic times. Vast 
influences have sprung from her buried seed of learning, even though 
her knowledge was shrouded in the mists of mythology. Thales, the 
Greek philosopher, remarked upon the curious properties of amber. 
To him, a prototype of Greek paganism and metaphysical thought, 
there lay within this strange relic of primeval days a wonderful soul. 
The soul of amber, as it was called, gave evidence of its existence 
when the amber was rubbed upon the garments. A strange Influence 
was emitted from the precious gum, which drew towards it light bodies, 
such as wisps of straw, for example. This unique property of amber 
was recorded by the sage, and handed down to other nations, to become, 
after the passage of more than 2000 years, the subject of new interest 
and inquiry, from a standpoint, however, which stripped it of its myth- 
ological character and fortunately gave rise to a series of new investi- 
gations of great interest and ultimate benefit to mankind. 

The period of the renaissance proved an awakening, not only to the 
world of art and letters, but gave rise to a new manner of thinking, 
which ushered in the birth of science. Dr. Gilbert, one of the expo- 
nents of this new idea, physician in the reign of Queen Elizabeth, in- 
vestigated the properties of amber in conjunction with a series of 
other substances, and thus was enabled to find in them all a similarity 
of effects which forever dissipated the doctrine of spiritual influences 
as far as this particular substance was concerned. The Greek name 
elektron, however, which means amber, has been preserved and em- 
bodied in the word electricity. 

The question is often asked, *'What is electricity?", and the answer 
generally given is ambiguous and misleading. Electricity, like light 
and heat, is simply a form of energy. The entire field of electrical en- 
gineering, with its immense scope and innumerable applications to do- 
mestic, municipal and industrial purposes, represents, in total, only 
an effort to produce an effect at a point more or less distant from the 
source of power, and to transmit and transform energy with this ob- 
ject in view. 

The fundamental idea of energy is, in a sense, metaphysical, yet it is 
defined as the capacity of a body to do work. Force is defined as any 
cause that produces, stops, changes, or tends to produce, stop or change 
the motion of a body. Work is defined as the action of a force in 
overcoming resistance. There are, therefore, the ideas of energy, 
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force and work, upon which the structure entitled the electrical science 
is reared and without which it is impossible to measure the relation- 
ship between cause or effect, or one form of energy and another, in an 
exact and practical manner. 

To deal with the subject of electricity in an exact manner, it is 
necessary to base all units upon some foundation which can be con- 
sidered as unchangeable. An international agreement has been reached 
in this respect, with the result that the units of length, weight and 
time which are employed, are the centimeter, gram, and second. The 
name given to the system based upon the use of these units is the abso- 
lute or G.G.S. system. From these units are derived all measurements 
of force or work by means of which the phenomena of electrical ac- 
tions and reactions can be expressed. 

Static Electricity 

Electricity can be generally divided into two kinds — static and dy- 
namic. Static electricity means electricity at rest. Dynamic elec- 
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tricity means electricity in motion. As an illustration of what Is meant 
by static electricity, take a metal globe Insulated by means of a glass 
support and charge it with static electricity. (See Fig. 1.) This is 
a case of electricity at rest. On the other hand, take a source of elec- 
tric current such as a couple of dry cells and connect the terminals 
through a small lamp. (See Fig. 2.) In this case the electricity is in 
motion, and is thereby distinguished from the static. It is merely 
necessary to impart motion to a static charge to give it all the char- 
acteristics of dynamic electricity or of what is called a current. If 
the charged metal globe is allowed to discharge its electricity through 
a wire (see Fig. 3), It becomes transformed into dynamic electricity 
and exercises the same effects as an electric current This has been 
noted a number of times in the case of lightning discharges, where 
melting, burning and decomposition have been caused by the escaping 
electricity, originally static in character, and for the instant possessing 
those qualifications which define it as dynamic. 
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Produdngr Static Electricity 
Nearly all chemical and physical changes produce electricity. Static 
electricity can be produced in great quantities by means of friction 
and by applying certain principles of static electricity to the construc- 
tion of machines through which mechanical or muscular energy is 
transformed into static electricity. A common way of developing static 
electi;icity for experimental purposes* is to use a glass rod free from 
lead, and rub it with a silk handkerchief, or to secure a rod of hard 
rubber and rub it with a woolen cloth. If the air is dry, sufficient 
electricity can be obtained to produce decided reactions with small 
pieces of light paper, fragments of cork, etc. Benjamin Franklin in 
his experiments used a glass globe mounted on a horizontal axis, 
against which a rubbing cushion pressed, thus producing static elec- 
tricity. 

Two Kinds of Blectrlcity 

There are two kinds of electricity, called positive and negative, as 
may be ascertained by the following experiments: Take a glass rod 




and excite a charge on its surface by rubbing it with a silk handker- 
chief. Bring the end of the rod near a pith ball mounted on an insulat- 
ing support and hanging from a delicate silk thread, as shown in 
Fig. 4. On bringing the charged glass rod near the pith ball, it will 
be attracted, but on touching the rod it will be instantly repelled, as- 
suming the position marked 3. The process may be repeated with a 
rod of hard rubber on which a charge has been excited by means of 
a woolen rag. On bringing the hard rubber rod near the pith ball it 
will be attracted and repelled in exactly the same manner. The posi- 
tions assumed by the pith ball are relatively 1, 2 and 3 with either rod. 
The fact to be observed particularly in the course of such an experi- 
ment, is that the pith ball, though showing every sign of marked re- 
pulsion to the charged glass rod in the first case, instantly flies to the 
charged hard rubber rod in the second case; and if the experiment is 
then repeated with the glass rod it will be seen that the pith ball 
strongly repelled from the hard rubber rod will now be attracted by 
the excited glass rod. The results can be tabulated as follows: 
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1.— Glass rod: Pith ball attracted, then repelled. 

2. — Rubber rod: Pith ball attracted, then repelled. 

3.— Glass rod: Pith ball attracted, then repelled. 

4. — ^Rubber rod: Pith ball attracted, then repelled. 

In other words, it Is evident that the electricity in the pith ball, 
communicated to it in the first place by the glass rod, causes repulsion, 
and that the same electricity in the pith ball causes it to be attracted 
by the rubber rod, though subsequently repelled; and in this manner 
the operation can be kept up, showing that what the glass rod repels, 
the rubber rod attracts, and vice versa. 

The explanation of this phenomenon lies in the assumption of two 
kinds of electricity, called positive ( + ) and negative ( — ), produced 
by the glass and rubber rods, respectively. When the glass is rubbed 
with silk, positive electricity is developed on the glass. When the rub- 
ber rod is rubbed with flannel, negative electricity is developed on 
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the rod. Bringing the glass rod near the pith ball causes the pith ball 
to be attracted; it touches the glass rod, and is repelled. The repul- 
sion occurs because it has taken up some of the electricity of the glass 
rod, which is positive. The negatively charged rubber rod is brought 
near, and the pith ball is attracted. This occurs because the pith ball 
and the rubber rod hold different kinds of electricity, or present dif- 
ferent phases of electrical energy. After the pith ball touches the 
rubber rod and has had some of the negative electricity transmitted to 
it, it is repelled. The entire process is due to the operation of two 
simple laws as follows: 

Law I. — Unlike charges attract each other. 

Law II. — Like charges repel each other. 

When the pith ball touches the glass rod, the positive electricity in 
both glass and ball causes repulsion. The negative electricity in the 
rubber can then attract, but when contact occurs also repels. Thus 
the various positions of the pith ball, 1, 2 and 3, are adequately ex- 
plained after contact takes place, and when a body charged with an 
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opposite kind of electricity is brought near the pith ball. This ex- 
planation will hold in all cases where two charges of electricity can 
affect each other. The character of these charges must be deter- 
mined, and then a rational conclusion drawn, based upon the two 
laws as stated. Before a further advance is made in the study of this 
subject it is necessary to arrive at some conclusion regarding what 
may be called a unit charge of electricity. 

Unit Charge of Electricity 
To measure static electricity correctly, a simple experiment can be 
tried or imagined in the following manner: Two spheres (see Fig. 5) 
of 1 centimeter radius are placed 1 centimeter away from each other. 
Each of the spheres is charged with positive electricity, imparting to 
each exactly the same quantity. If the condition is imposed that the 
spheres each possess an equal charge of electricity, then, when they 
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repel each other with the force of one dyne^ each sphere possesses a 
unit charge of electricity. To fully explain the meaning of this it is 
necessary to define a dyne. 

A dyne is the force required to impart to a mass of 1 gram the ve- 
locity of 1 centimeter per second. It is the same as though the amount 
of force were measured that is required to lift a weight of 1 pound 
1 foot per second, only the force in the case of a dyne is much smaller, 
and is the result of the adoption of the C.G.S. system as the basis 
for all units. A unit of electricity, commonly called a unit quantity 
or unit charge, is named a coulomb in honor of a distinguished inves- 
tigator of that name. It is defined as that quantity of electricity on 
the surface of a sphere of 1 centimeter radius, which will repel a 
similar and equal quantity on a sphere of 1 centimeter radius at a dis- 
tance of 1 centimeter with the force of 1 dyne. 

Static Charges outside of Bodies 
If a sphere is charged with electricity an examination of it will show 
the charge distributed equally on the outside. If the sphere is hollow 
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(see Fig. 6), an examination of it when charged will disclose the same 
state of affairs, namely, that there is no electricity inside the sphere, 
the charge being entirely outside. Michael Faraday made note of this 
fact» and experimented with what is called a Faraday cylinder for the 
purpose of illustrating this idea. It will be seen in Fig. 7 that when 
the cylinder is charged, the pith balls inside show no sign of repul- 
sion, but the pith balls outside violently repel each other. This is due 
to the presence of electricity only on the outside of the cylinder; were 
there any inside it would give evidence of its existence, by causing 
repulsion between the inner pith balls, but as this is not so, the op- 
posite conclusion is inevitable. 

A network of wires forming a cage would therefore be a great pro- 
tection against heavy charges of electricity. If a sort of electric cage 
armor of this description were constructed, enormous charges of elec- 
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tricity could be directed at it without producing the slightest effect 
upon those within. In large cities with modern steel frame buildings, 
considerable protection is afforded from this source alone against light- 
ning. The steel frame also serves as an excellent ground connection 
during electric storms. 

Electrostatic Induction 
A keen mind will not be contented with the statement made regard- 
ing a charged rod and a pith ball. The inquiry which will arise is 
this: Why does the pith ball in the first place move toward the 
charged glass rod? It is to be remembered that the pith ball was per- 
fectly neutral In the first experiment, yet it was immediately affected 
by the presence of a charge In its neighborhood. How can a charged 
body affect a neutral body? Why should a pith ball absolutely devoid 
of any trace of electricity be attracted by a charge of- electricity? The 
answer is as follows: The charged body affects the condition of the 
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pith l>all and develops in it both positive and negative electricity. 
(See Pig. 8.) From this fact a general principle can be stated — that 
induction occurs between a charged body and a neutral body across 
the empty space between them. In some remarkable way an Influence 
is promulgated from every electric charge in such a manner that al) 
bodies far and near become possessed of two kinds of electricity. By 
giving to this the name of electrostatic induction, it must not be un- 
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derstood that the phenomenon is explained; but such facts as can be 
deduced from experiments which prove the presence of Induction are 
employed for the piirpose of Investigating other results, the causes of 
which would otherwise be a matter of great doubt. 

Continuing the discussion relating to the pith ball. It Is now easy 
to see why It was attracted by the charged rod. It simply obeyed the 
law "that unlike charges attract each other/' and for this reason if 
the rod was positively charged it attracted the negative electricity In 
the pith ball developed there by induction. Another question which 
will arise, however. Is this: Why does the pith ball move, even though 
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It is attracted, when It also carries a charge which repels? This is 
because the attracting charge is nearer to the charged rod than the re- 
pelling charge and therefore one force is a little greater than the 
other. 

This idea can be best represented by two metal plates, one of which 
is insulated and rests on an insulated support, while the other is sup- 
ported by means of a spring balance, as shown in Fig. 9. Before the 
lower plate is charged, the force indicated on the spring balance will 
be merely that of the weight of the upper plate. 

When the lower plate is charged with positive electricity, induction 
takes place between it and the upper plate. The lower surface of the 
upper plate develops a charge of negative electricity, while an equal 
quantity of repelled positive electricity accumulates on the upper sur- 
face of the upper plate. The scale will indicate a greater force than 
before and the difference between the apparent weight when affected 
inductively and the actual weight of the plate is the extent of the 
attraction. This, of course, represents the difference, as well, between 




Flff. 8. Induction between PlUi BaU and Glass Rod 

the attraction of the positive and negative and the repulsion between 
the positive and positive electricity of the two plates. If sheets of 
different materials such as glass, hard rubber, paraffin, etc., are inter- 
posed between the two plates it will be noted that the balance will 
change its record in each case. 

Insulators and Dielectrics 

The change in the record of the spring balance would be due to the 
fact that different insulating materials, such as those enumerated, 
cause different degrees of Induction to occur between the plates. This 
power of a body to allow induction to occur through it Is called its 
inductive capacity and such bodies are called dielectrics. Therefore 
when the induction is greater, the balance records a greater pull, and 
when it is less the reverse is true. The amount of induction occurring 
through air is taken as the standard and is called 1. With reference 
to this the inductive capacity of other bodies is noted. 

When a body conducts electricity it is called a conductor, and when 
it does not conduct electricity the name insulator or non-conductor is 
employed. One of the best conductors is silver and one of the best in- 
sulators is dry air. Between these two are a series of substances 
which include metals, earths, water, etc., which embrace all grades of 
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conductivity. For this reason they are grouped in such a manner 
that they comprise the following: 

Partial conductors such as metals, wood or earth. 

Non-conductors, such as rubber, glass or porcelain. 

When lightning leaps through the air it breaks down the insulating 
properties of the air because of the tremendous tension existing be- 
tween two opposite charged bodies. When the accumulated charges 
of electricity reach a certain point, the electrical pressure becomes so 
great that the insulation is rent by what is called a "disruptive dis 
charge." 

Blectrophorus 

To produce static electricity continuously without having to resort 
to the rather primitive method of rubbing a rod of glass or hard rub- 
ber with u silk or woolen rag, a device is employed which involves the 
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action of the two fundamental laws of static electricity and the prin- 
ciple of electrostatic induction. It is called the electrophorus and con- 
sists of a plate of hard rubber or resin on which rests a detachable 
brass plate with an insulated handle. 

The hard rubber plate is beaten with a piece of cat's fur or a woolen 
rag and becomes strongly electrified. The brass plate is then rested 
upon the rubber plate and the finger then placed upon the brass plate 
for an instant If the brass plate is lifted up carefully by its handle 
and the knuckle presented to it, a spark will show that quite a dis- 
charge has taken place. If the plate is put back, then touched with 
the finger and removed and discharged and the operation repeated a 
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dozen times, it will become evident that in this device electricity can 
be obtained continuously without applying friction more than once to 
the under plate. 

In the first place, when friction is applied, negative electricity is de- 
veloped. This charge acts by induction on the brass plate resting 
on it and positive and negative electricity appear. The positive elec- 
tricity is held on the under side of the brass plate by induction and is 
called a hound charge. The negative is repelled to the upper surface 
of the brass plate and is called a free charge. The free charge may 
be removed by touching the plate with the finger. When the plate is 
lifted away by its handle, the bound positive electricity becomes free, 
because it is removed from the inductive infiuence. It can be dis- 
charged by presenting the knuckle and the device is then ready for a 
repetition of the process. 

The question is asked, "Why does induction take place when the 
brass plate rests on the rubber plate?" The answer is that a film of 
dry air acts as insulation between the two plates. The inequalities of 
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surface account for this; otherwise, if the surfaces were absolutely 
flat and therefore in intimate contact, the negative electricity of the 
under plate would pass into the upper brass plate and there would be 
conduction instead of induction. 

The Leyden Jar and Condenser 

Electricity can be accumulated or condensed so that small quantities 
regularly supplied to a properly constructed device can be gathered 
into one large charge. The original name for such a device was a 
Leyden Jar, but in its more modern form it is called a condenser. 

The town of Leyden, Holland, was, according to tradition, the scene 
of the following incident about two centuries ago: A beaker of water 
holding a metal stirring rod rested on a stand near an electrical ma- 
chine. Sparks from the machine entered the rod and charged the 
water. When the beaker was lifted by the philosopher's assistant 
with one hand, and the other touched the rod, a terrible shock was ex- 
perienced by him, and the beaker fell to the ground. This meant the 
discovery of a means of condensing a series of small charges, so that 
when so neld they were capable of discharging in one great flash. A 
Leyden Jar, Fig. 11, consists of an inner and outer coating of tin foil 
attached to a glass beaker. A metal rod with a knob at its outer end 
and a chain at its inner end, is mounted in the center of a well-var- 
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nished cork inserted in the mouth of the beaker. When positive elec- 
tricity enters the knob, the inner tinfoil coating is charged. The outer 
tinfoil coating is acted upon by induction and its inner surface becomes 
negative and its outer surface positive. The outer surface can be 
touched with the finger and the free positive electricity removed. As 
the Jar now stands it contains positive electricity inside and negative 
outside, and it can be repeatedly charged with small amounts of electri- 
city, until a considerable charge has been accumulated. The two plates 
of the electrophorus in Fig. 10 act in the same manner, and merely re- 
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present the two tinfoil coatings in a dlfCerent position. In this man- 
ner electricity is condensed, or, expressed in a more scientific manner, 
the potential is raised. 

Prlnolple of the Condenser 
If a closed tank with one inlet is pumped full of gas, the gas pressure 
rises. The gas may enter in small quantities until the tank contains 
gas at the same pressure as the working pressure of the pump; then the 
action ceases. A condenser is an electrical tank in which the electrical 
pressure (measured in volts) rises as more electricity enters. The cor- 
rect expression is that the potential rises as the condenser is charged. 
In order to be accurate, and thus have a system by which measure- 
ments can be made, the units of potential and capacity are defined with 
reference to the condenser as below. 

Definition of the Farad 
A condenser has a capacity of one farads if, when charged with one 
coulomb of electricity it has a difference of potential of one volt This 
means, for instance, that if a metal tank takes in a cubic foot of air 
and then shows 15 pounds pressure, the tank has a capacity of one cubic 
foot In the same sense if the electrical tank takes in a coulomb and 
shows a pressure of one volt, its capacity is one farad. The capacity 
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is determined by the pressure developed by a certain quantity of elec- 
tricity in the condenser. This is expressed by the simple formula: 

Quantity =3 pressure x capacity. 

For instance, if a condenser had a capacity of 1 farad it would have 
1 volt difference of potential with 1 coulomb, 2 volts with 2 coulombs, 3 
volts with 3 coulombs, etc. The idea is relatively the same as if 1 
cubic foot of air is forced into a tank of 1 cubic foot capacity, the pres- 
sure being 15 pounds; with 2 cubic feet, 30 pounds; with 3 cubic feet, 
45 pounds etc. 

When sheets of tinfoil and paraffined paper are arri^nged in alternate 
layers, and a tongue of tinfoil allowed to project for the purpose of 
making connections from each tinfoil sheet in such a manner that the 
projections of all the positive sheets are easily connected together as 
well as the projections of all the negative sheets, as shown in Fig. 12, 
then a practical condenser is obtained which can be used for exact 
tests when its capacity has been determined. The farad is such a 
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large unit and so unattainable in practice that condensers are built 
on the basis of one one-millionth of a farad. This fractional part of the 
original unit is called a microfarad. A condenser of a microfarad 
capacity is about the size of a cigar box, but, of course, such a compari- 
son is not very exact, because the capacity of a condenser depends upon 
the area of the tinfoil sheets, the nature of the dielectric, and the 
thickness of it. 

Connecting up Condensers 

Condensers may be connected in series for high potential effects 
and in multiple for low potential effects. By this is meant that con- 
densers in series give high pressure (voltage) and small quantity, 
while those in multiple give large quantity and little pressure. This 
idea is represented by the diagram in Fig. 13, where the condensers 
are connected in series. Here the + and — poles are connected to- 
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gether and by tliat means the potentials of the various condensers. In 
Fig. 14 the condensers are connected in multiple. All the positive 
poles of the condensers are connected together and all the negative. 
The total capacities are obtained as follows: 

Condetuera in Multiple. — ^Add the capacities of the various condensers 
together; for instance, if they are of 1, 2 and 3 farads capacity, re- 
spectively, the total would be 6 farads. 

Condensers in Series. — ^The total capacity of condensers in series is 
equal to the reciprocal of the sum of the reciprocal of the capacities. 
Turned into arithmetic this rule appears as follows: 
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Total capacity = 1 
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capacity of 2d condenser capacity of 3d condenser 
In the case mentioned above the total capacity would be: 
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Interesting examples of condenser action are afforded by a thunder 
storm. In this case the action may be merely between clouds. One 
cloud is heavily charged with positive and the other with negative 
electricity. When they approach, the clouds develop a high potential at 
the points nearest to each other, and the air resistance is broken down 
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by a blinding flash. When a condenser Is discharged by a wire leading 
from one pole to the other the principle is the same. If the electrified 
cloud is over a church steeple or a high tree, induction takes place. 
If the cloud is positive, the high structures underneath, and, in fact, 
the whole area exposed, become negatively charged. When the strain 
becomes so great that the inductive influence breaks down the integrity 
of the resistance between, lightning appears; and as a natural conse- 
quence of the discharge, the thunder follows. Lightning is prac- 
tically instantaneous as far as the eye is concerned. Thunder, how- 
ever, travels at the rate of 1100 feet per second, or about 1 mile every 
6 seconds. By noting the number of seconds between the flash and the 
thunder, a fair estimate of the distance at which the disruptive dis- 
charge took place can be obtained. 
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It is interesting to know the cause of the so-called splitting and 
breaking effects of lightning. If a tube filled completely with water 
and sealed, is exposed to a static discharge of sufficient force, it will 
break into pieces. This is due to the steam and gases of decomposi- 
tion produced by the electricity in passing. The induction between the 
water inside, and the charge outside thus breaks down the glass wall 
between. With a tree, however, the wood cells contain moisture which 
is suddenly transformed into high pressure steam when the lightning 
passes. The effect of this is an internal disruption similar to a series 
of miniature boiler explosions, and the tree is necessarily split in two. 

Waves Produced by CondenBers 
When a Leyden jar or a condenser is discharged it produces a tre* 
mendous disturbance in the ether. This disturbance appears in the 
form of waves, known by the name of Hertzian waves, and their appli- 
cation for the transmission of intelligence without wires is known 
as wireless telegraphy. If a large Leyden jar, or a static machine, is 
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allowed to produce a series of discharges in the center of a room, it 
can be proven that millions of waves are set into motion in the room, 
pass through the walls and reach out over miles of distance through 
all sorts of obstacles such as other buildings, hills, etc. 

A wire stretched around the room with fine saw cuts in it, thus 
dividing it up into sections, will exhibit small sparks between the edges 
of the cuts when a Leyden jar is discharged as described. This is due 
to the waves striking the wire, producing electricity in it, and appear- 
ing as minute sparks in a darkened room. Carrying out the idea with 
a sheet of tinfoil on a glass plate, the tinfoil divided by fine saw cuts, 
provides a device by which waves can be detected still further away. 
It is but a step to inclose fine metal filings in a glass tube with a metal 
plug at each end. This will detect waves at a great distance away 
from their source and if used in conjunction with a few cells of bat- 
tery, a telegraphic relay, and sounder, we have the essential elements 
now in use for wireless telegraphy. 

Frictional and Induction Machines 
Machines producing static electricity may be divided into two 
classes — frictional and induction machines. The first type is but little 
used in the laboratory, but consists of a cylinder of hard rubber or 
glass rotated against a buffer or rubber of flannel, wool or silk, as 
shown in Fig. 15. A metal rod is placed near with teeth mounted in 
it almost touching the cylinder. Rotation of the cylinder produces 
positive electricity on its surface as it is rubbed by the pad. The 
teeth or points of the rod "blow" bound negative electricity on the 
glass, and, in consequence, an equal amount of free positive electricity 
is collected by the Leyden jar. This constitutes the so-called frictional 
machine in which, as can be seen, induction is an important factor. 
If the cylinder is replaced by a device which has its charge reinforced 
by induction alone, then the pure type of induction machine appears as 
represented by those machines bearing the name of Holtz, Ranney, 
Wimshurst, etc. 

An interesting feature of induction and frictional machines is the 
fact that toothed rods keep the surface of the glass plate or cylinder 
neutralized. For instance, in the case given, as the glass cylinder ro- 
tates, the excited surface of the glass is brought opposite the row of 
teeth, which blow a stream of negatively charged particles of air on 
the retreating portion of the cylinder. This neutralizes it before it 
passes under the silk pad again. 

It must be understood that the action of a point is to discharge elec- 
tricity. The air particles in contact are charged and repelled, and as 
this is a continuous action it is evident that by this process the charge 
of a pointed object is quickly dissipated unless as rapidly supplied. 
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CHAPTER II 

ELECTRICAL MEASUREMENTS 

Electrical measurements do not consist entirely of measurements 
x>f the amount of .pressure (volts) or current (amperes) in a circuit. 
The process is more extensive than this and embraces the measure- 
ment of resistance, power, induction, magnetic flux, etc. In other 
words, under the title of electrical measurements may be included a 
great variety of tests in electricity and magnetism, many of which are 
of such great importance that it may be said that the very science of 
electrical engineering itself depends upon them for its existence. In 
the following, however, we shall deal only with the very simplest elec- 
trical measurements. 

The corner stone of the science of electrical measurements rests 
upon a knowledge of what is known as Ohm's law. This law states 
that the current is proportional to the electromotive force and in- 
versely proportional to the resistance. This law makes it possible to 
flnd any one of the three factors, amount of current, electromotive 
force, and resistance, when two of them are known. For instance, 
when resistance and current are given, electromotive force is found; 
when electromotive force and current are given, resistance is found; 
when electromotive force and resistance are given, current is found. 
The three quantities whose relationship can be expressed as indicated 
are thus: 

1. Resistance, given in ohms. 

2. Current, given in amperes, 

3. Electromotive force, given in volts. 

Ohm's law may be expressed arithmetically as follows: 
To get volts, multiply amperes by ohms. 
To get amperes, divide volts by ohms. 
To get ohms, divide volts by amperes. 
Expressed as formulas, these rules would be: 

E = CXR (1) 

E 
C = — (2) 

R 

E 

K = — (3) 

C 
in which 
15 = electromotive force in volts, 
C = current in amperes, 
i? = resistance in ohms. 

To illustrate the application of Ohm's law, the following examples are 
given: 
Example 1. — ^Find how many volts are required to send 10 amperes 
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through a resistance of 100 ohms. In this case the volts are to be 
found, and the two values given must be multiplied together: 

Volts = amperes X ohms = 10 X 100 = 1000. 

Example 2. — ^Find the number of amperes passing through a lamp 
taking 110 volts, whose resistance is 220 ohms. According to the law 
as expressed by the rules Just given, we have: 

Amperes = volts h- ohms = 110 -f- 220 = %. 

A fact which may be mentioned is that an incandescent lamp has a 
high resistance when cold, and a much lower resistance when hot. 
A resistance test would show that the lamp when cold has a resistance 
of 450 ohms, while at incandescence the resistance falls to 220 ohms. 

Example 3. — Find the reslertance of a coil of wire which takes a cur- 
rent of 2 amperes and a pressure of 110 volts. According to our rule, 

Ohms = volts -f- amperes ^ 110 -4- 2 = 55. 

These are the simplest illustrations of Ohm's law as employed by 
electrical workers all over the world. The examples may be consid- 
ered as characteristic of the most Important forms in which the law 
appears. It undergoes other changes in alternating current theory, 
because of the fact that additional influences are operating besides 
those ordinarily at work. The above forms would therefore be inap- 
plicable to circuits carrying variable and alternating currents. 

Ohm's Law for an Instantaneous Current 

When a current is turned into a circuit for an instant and turned 
oft, or when a current is first sent into a circuit, the current for a 
short period of time is not exactly equal to the volts divided by the 
ohms. There seem to be other influences at work which partially ar- 
rest the free flow of the current. It cannot be said that this influence 
is due to the resistance of the wire, because if this were the case, Ohm's 
law would hold true in every sense of the word. The difficulty, how- 
ever, Is not so much inside the wire, hut is due to outside influence. 
This, it seems, acts in such a manner that a current cannot be instan- 
taneously sent into a wire at its full strength, neither can it be in- 
stantaneously cut short The wire possesses the power of developing, 
through this external influence surrounding it, an electromotive force 
of its own. 

When the blacksmith strikes the anvil, the hammer flies back. In 
a sense, when a current strikes a circuit, the circuit strikes back. The 
sound may be absent, and there may be no visible signs of this reaction, 
but it is always there. From a scientific standpoint, it is said that 
the magnetism around the wire, which surrounds it when a current 
flows, momentarily develops this counteracting influence. It acts 
against the incoming current, checking it, and consequently only per- 
mitting it to rise to its full value in a certain period of time; or it 
acts with the retreating current when the circuit is opened, augmenting 
its pressure at the last moment. It had been noted for quite some 
time, before an examination of the conditions had been made by emi- 
nent physicists and mathematicians, that rapidly changing currents 
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did not seem to flow in obedience to Ohm's law. Neither did Ohm's 
law, as then understood, coincide in its results when applied to those 
obtained with a current turned rapidly on or off. The fact that the 
current took an appreciable time to rise to its full value and did not 
immediately cease in a circuit opened and closed, gave room for 
thought. It soon became evident that the simple form of Ohm's law 
for these conditions would not do. It could be correctly applied in 
the case of a continuous current, but not in the case of either an in- 
stantaneous or an alternating current. Helmholtz interpreted Ohm's 
law in a neV form, in which time is considered, and the influence ex- 
ternal to the wire called self-induction. The Helmholtz equation, as 
it is called. Is therefore a form of Ohm's law by which the current can 
be ascertained at any instant. In the equation expressing it, self- 
induction is expressed or measured in henries. 

The Helmholtz Form of Ohm's Law 
Helmholtz gave Ohm's law as stated, but he added a modifying clause, 
so to speak. He adds to the formula a parenthesis by which the frac- 
tion must be multiplied to obtain exact values for any condition of the 
circuit or current. The formula then takes the following form: 

Volts / Ohnia of circuit .^ . ^ \ 

Amperes = — — I \ - e - ^f-in6nVri^i^^t^i^.^'^-^-'-^on^^\ 
Ohms \ / 

Written with symbols, Helmholtz's interpretation of Ohm's law for 
the current at any instant is: 



C= - 11 — c-*'-' j 



In this formula, e is the base of the Napierian logarithms*; L is the 
self-induction in henries, and t the time in seconds. 
To illustrate, make 
JSJ = 100 volts. 
R=z20 ohms. 
L = 2 henries. 
t = B seconds. 

1 
Then e with its exponent becomes equal to , which is practically 

equal to zero. This would leave C = E -~ R, with the quantity inside of 
the parenthesis = 1. Hence, when the time during which the circuit 
is closed is prolonged, as in this case, to 5 seconds, the simple form of 
Ohm's law applies without modification. 

Form of Ohm's Law for Alternatinflr Currents 
The influence of self-induction has been referred to in the Helm- 
holtz form of Ohm's law. From this form of the law another expres- 
sion has been obtained, which is given in a more practical form. In 
this new expression or formula, the effects of self-induction and the 



• See Machinery's Reference Series No. 53, Use of Logarithms and Log- 
arithmic Tables, page 16. 
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frequent changes of the current are given such form that simple cal- 
culations can be made. When a current is started in a circuit, all 
of the disturbing effects are present whether the current is continuous 
or alternating. If the current is alternating in character, the more 
rapidly it reverses its direction in a second, the more of this reaction 
takes place in the circuit. The extent of this impeding influence is 
given by the formula as follows: 



in which 

A = resistance in ohms, 

L = self-induction in henries, 

p ^ 2 X ir X the frequency per second, 

/=rthe Impedance in ohms. 

As a practical example of the use of this formula, the question might 
be asked: What is the impedance of a circuit (see Fig. 16), in which 
the resistance equals 5 ohms, the frequency 100 per second and the 
henries 2? Then 

i?> = 5x6 = 25, 

p>= (2 X 3.1416 X 100)" = 394,800, approx. 

r » = 2 V 2 = 4 



L» = 2 X 2 = 4. 



ALTERNATOR 
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RESISTANCE - 5 OHMS 



MaehinerVtIf.T. 



100 REVERSALS PER SECOND 

Ftg*. 10. niiMtratlng^ a Problam In tha Cslotilatlon of Impedanca 
in Alternating' Currents 

Then «* 4- P'I''= 25 + 394,800 X 4 = 1,579,225, and the square root 
of this number equals 1257 ohms. The comparison of the effect of the 
resistance of 6 ohms and the effect of the impedance in total shows 
how the ordinary resistance may be disregarded altogether when the 
frequency of an alternating current is high or the self-induction in the 
circuit is high. The actual resistance having been substituted for by 
the false resistance, Ohm's law for alternating currents will be 



Current =5- 



electromotlve force 



impedance 



E 
-, or C = — . 
/ 



If the current is not alternating, and therefore, there is no value 
to insert in the impedance formula for frequency, then the formula is 
simply a direct expression of Ohm's law. For instance, if there were 
no frequency, p* L' disappears, and the square root of R? Is R. The 
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formula then becomes 1=R, and we have C = — , which Is the original 

R 

familiar form of Ohm's law. The two forms of Ohm's law as given 
by Helmholtz, and with respect to the resistance or impedance to al- 
ternating currents, both become transformed into Ohm's original form 
when the time is prolonged in one case, and the frequency or Inductance 
disappears in the other. 

Measurement of Resistance 
One of the most familiar of all tests is that carried on for the pur- 
pose of ascertaining the resistance of a conductor. Though it would 
seem as if this included the general scope of all tests of this char- 
acter, yet other tests of equal importance in an engineering sense must 
be made of the very opposite of good conductors, namely, Insulators. 
Thus, tests of resistance might be generally classified as measure- 
ments of very low resistances, very high resistances and of resistances 
which occupy a middle place between these two. To illustrate — re- 
sistances of 0.01 of an ohm, of 1000 ohms and of 1,000,000 ohms, repre- 
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sent a great difference in value, and different methods must be used 
for each. A few of these methods will be considered under the heads 
of: 1. Drop of Potential Method; 2. Method of Substitution ; 3. Wheat- 
stone Bridge Method. 

Drop of Potential Method 
There is no reason to believe that a simpler method than the drop 
of potential method can be presented in developing devices of re- 
sistance measurements. It is based upon the proposition contained 
in one form of Ohm's law that the pressure which is necessary in a 
circuit, to send a given current through a given resistance, is equal 
to the product of this current by the resistance. In other words, if 
the problem is presented to find the resistance of a circuit (see Fig. 
17) whose lost pressure or "drop" equals 100 volts when carrying a 
current of 10 amperes, the answer can be readily given on the above 
basis. A loss of 100 volts, or whatever it may be, is caused by a cer- 
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tain current passing through a definite resistance. The problem In 
arithmetic form then becomes, 100 :s 10 times what value? It is 
quite evident that the value to be found is 10. The drop in pressure 
between the ends of the circuit being 100, and the current being 10 
amperes, the resistance must be 10 ohms. The drop of potential method 
therefore, consists in a measurement with an instrument called thQ 
voltmeter (Instrument for measuring electromotive force or electric 
pressure in volts) of the drop of pressure between the ends of a circuit 
through which current is passing. The next step is the measure- 
ment of the current Itself with an ammeter (Instrument for meas- 
uring current in amperes). Dividing the volts by the amperes will 
give the ohms as indicated. The test may be made in other ways, 
which merely represent modifications of this idea without any real 
change in the method. For instance, if the resistance of the circuit 
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is known, it is a simple matter to find the number of amperes passing- 
through, by ascertaining the drop in exactly the same manner. The 
drop in volts divided by the ohms will give the amperes. On the 
other hand, the idea may be still further developed for the purpose 
of discovering the volts consumed by the circuit. In this case the re- 
sistance, which is known, is multiplied by the current which is meas- 
ured. The product will give the volts lost or "drop" of the circuit. 
The general idea thus presented covers a means of obtaining the re- 
sistance if the amperes and volts are known; the volts, if the amperes 
and ohms are known; and finally the amperes, if the volts and ohms are 
known. It Is legitimate to Include all of these tests under the one 
general category. Rules and examples for the application of these 
methods are given in the following. 

DROP OP POTBNTIAIi METHOD 



To get ohms 

To get amperes. 
To get volts 



Measure the drop and measure 
the amperes 

Ohms known; measure the 
drop., 

Ohms known ; measure the am- 
pere? 



Divide EhyO 
Divide Eby R 
Multiply C by ie 
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Examples of the Drop Method 

A voltmeter (see Fig. 18) shows a drop of 200 volts between the 
terminals of a circuit carrying a certain current. The resistance is 
known to be 100 ohms; what Is the current in the circuit? Dividing 
200 by 100 gives a current of 2 amperes. 

An ammeter shows a current of 10 amperes in a circuit having a re- 
sistance of 50 ohms (see Pig. 19); what is the pressure or "drop"? 
Multiplying 10 by 50 gives a voltage of 500. 

How many ohms resistance has an incandescent lamp hot, whose 
terminal pressure is 120 volts, and which takes a current of 0.4 of an 
ampere. Dividing 120 by 0.4 gives a resistance of 300 ohms. 

It is possible to use an ammeter as a voltmeter or a voltmeter as an 
ammeter by securing a definite length of copper wire of sufilcient size 
to cause a slight drop when the current passes and yet not dissipate 
too much energy. For instance, 1000 feet of No. 10 B. & S. gage cop- 
per wire would give a resistance of 1 ohm. If a piece of wire is ob- 
tained whose resistance is known, and this wire is placed in series 
with a motor, the voltmeter, giving the drop across its terminals, will 

RESISTANCE 50 OHMS 
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Flar. 19. ObtaiDinsr th« Voltage of a Olrouit with an Ammerer and a 
Known Resistance 

be the means of measuring the current. If the voltmeter reads 2 volts, 
and the resistance of the wire is 0.1 of an ohm, then 2 divided by 0.1 
equals 20 amperes. If instead of a voltmeter an ammeter is used, the 
test for volts can be made, but the resistance must be greatly increased 
and must be disconnected from the motor if accurate measurement of 
the pressure is to be made. If the line pressure Is 220 volts, it may 
be sent through a resistance of 100 ohms, and the reading of an am- 
meter in series will complete the test. Under these conditions 2.2 
amperes would be indicated, the product of this current and 100 ohms 
giving the line pressure, 220 volts. 

Measuring High Pressures 
For the measurement of pressures like 1000, 5000 or 10,000 volts, 
the following plan is practicable: Either 10, 50 or 100 lamps are con- 
nected in series. If about 1000 volts are to be measured, about 10 
lamps will do. The total pressure is then sent into this series as 
shown in Fig. 20. A voltmeter is used for the purpose of taking the 
drop between the terminals of every lamp. The total is found when 
all results are added together. For instance, if the voltmeter indi- 
cated as follows: First lamp, 90 volts; second lamp, 95 volts; third 
lamp, 100 volts; fourth lamp, 110 volts; fifth lamp, 105 volts; sixth 
lamp, 98 volts; seventh lamp, 99 volts; eighth lamp, 102 vults; ninth 
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lamp, 85 volts; tenth lamp, 87 volts; then the total equals the sum of 
90 + 95 + 100 + 110 -f 105 -h 98 + 99 + 102 + 85 -f 87 volts, or 
971 volts in all. This is an early method of measuring the high pres- 
sures of alternating currents before high-reading voltmeters were made. 

Method of Substitution 
Measuring resistance by the method of substitution is really a com- 
parative method. If a certain known resistance will cause an indicat- 
ing instrument to show a deflection of 100 divisions, and then, when 
another resistance is put in its place, the deflection falls to one-half 
or 50 divisions, It is evident that the resistance must be twice as 
great. The reduced deflection means less current or more resistance. 
If the conditions are otherwise the same, the drop in the reading of 
the indicating instrument to one half proves the presence of twice the 
resistance. Ohm's law, as stated, that the current is directly propor- 
tional to the electromotive force, and inversely proportional to the re- 
sistance means, when applied to this case, that if the electromotive 
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force has not changed, but the current is one-half as shown by the de- 
flection, the resistance is twice as great. To illustrate this idea, an 
instrument used for indicating electric currents, and called a gal- 
vanometer, may be connected to a cell of battery and a known re- 
sistance of say 100 ohms, as shown in Fig. 21. If under these condi- 
tions, the galvanometer gives a reading of 20 divisions, the record will 
read, 100 ohms, 20 divisions. Assume that the 100 ohms resistance is 
removed, and an unknown resistance, such as a lamp, is put in its 
place. Suppose the galvanometer now shows a deflection of only 5 
divisions, as in Fig. 22. The conclusions to be drawn are as follows: 
If 100 ohms gives a reading of 20 divisions and an unknown resistance 
gives a reading of 5 divisions, then the unknown resistance must be 
greater. Its resistance is so much greater that it reduces the current 
down from that value which gives a 20 division reading, to a value 
so much less that only a 5 division reading is possible. In other words, 
the reading has been reduced in the galvanometer from 20 to 5 divis- 
ions because the current passing through it has been reduced. The re- 
duction is due to the new unknown resistance substituted for the known 
resistance. If the resistance in the flrst case was 100 ohms, it must 
in the second case in conjunction with that of the galvanometer, be 
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four times as great as the original resistance. If the galvanometer re- 
sistance equals 100 ohms, then It Is evident that 100 + 100 = 200 
ohms causes a deflection of 20 divisions. It also shows that 100 + an 
unknown resistance gives a deflection of 5 divisions. The question 
that naturally arises Is "What is the unknown resistance?" As pre- 
viously stated, it must have taken four times the resistance to reduce 
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the reading from 20 to 5 divisions. This being the case, the 200 
ohms in the first Instance must have been increased to 800 by the addi- 
tion of the unknown resistance. If the galvanometer resistance, how- 
ever, is 100 ohms, then the unknown resistance must be equal to 700 
ohms. Thus, the method of substitution as outlined, calls for a knowl- 
edge of the resistance of the galvanometer, or indicating instrument 
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Fig. 22. Reading of Qalvanometer when Unknown Resistance Is Substituted "^ 

It also calls for a knowledge of the value of the first resistance inter- 
posed. With these facts known, it is evident that any reasonable re- 
sistance may be substituted for the first, and if the deflection is taken, 
the resistance is readily calculated. 

Measuring the Resistance of Insulation 
The resistance of insulation is enormous compared with that of 
conductors. An insulator, so-called. Is not an absolute non-conductor. 
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but a very poor one. The idea is relative. A pressure of 1000 volts, 
applied to a resistance of 1000 ohms would mean a current of 1 am- 
pere. A pressure of 1000 volts applied to a resistance of 1,000,000 
ohms, would mean a current of 1/1000 of an ampere. If the pressure 
is lower, the current is correspondingly less. A telegraph line is sup- 
ported on insulators. Though made of glass, these insulators permit 
current to leak from the line to the ground. Not one support alone, 
of course, is responsible for the entire leakage. An infinitesimal cur- 
rent from one, multiplied by the number of insulating supports, would 
give the total current. If in the above case, the one thousandth of an 
ampere was multiplied by 10,000, the total would equal 10 amperes. 
This is not entirely an imaginary case for the reason that 10,000 in- 
sulators, at the rate of 25 to the mile, would only equal 400 miles be- 
tween stations. The leakage per insulator might be less than that 
stated, but whatever it was, it would be multiplied by 10,000 on a 400- 
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mile line. Not only is it necessary to know the relative merits of 
insulators for line service in order that line leakage may be reduced to 
its lowest value for telegraphic and other lines, but the insulation of 
power-carrying wires must be known as well. 

The following is an outline of the method of measuring insulation 
resistance, by the principle of the substitution of one resistance for 
another: The requirements are a metal pail, a sensitive high re- 
sistance galvanometer, and a carefully tested high resistance. (See 
Fig. 23.) With these, the value of the resistance of high-grade insula- 
tion, reaching into the millions of ohms, can be found. The insulator, 
or insulated wire, is so placed in the water that the current passes 
through from the metal pail and the conducting solution into the in- 
sulation, and then out via the wire. If a coil of insulated wire is 
tested, consisting of say 100 feet of rubber covered wire, then one end 
of the wire is carefully coated with tape and an insulating compound. 
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The other end leads out, as does also a separate wire connected to the 
metal pail. The coil Is laid in the pail and covered with water slightly 
tinctured with sulphuric acid to lower the resistance of the water. 
The preliminary test is then made with a resistance of 10,000 ohms, 
which will cause a deflection of 50 divisions in the galvanometer. 
Supposing the galvanometer to possess a resistance of 10,000 ohms, the 
first galvanometer deflection is due to 20,000 ohms in all. Removing 
the 10,000 ohms resistance from the circuit, the insulated coil situated 
as described in the water, is substituted in its place. If the deflection 
in this case is only one division, then it is clear that 50 times the re- 
sistance is in place now. In other words, where 20,000 ohms gave 
50 divisions, it has taken 1,000,000 ohms to cut this down to 1 division. 
Of the one million ohms, 10,000 are due to the galvanometer resistance. 
The balance of 990,000 is the resistance of the hundred feet of insu- 
lated wire in the metal pail. As a single foot of wire would show a 
resistance higher than this, in fact 100 times as great, it may be 
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stated that according to the test, 1 foot of this wire has an insulation 
resistance of 100 times 990,000 ohms or 99,000,000 ohms, commonly 
called 99 megohms. 

The Wheatstone Bridge 

The Wheatstone bridge is an almost historic instrument, and is 
perhaps the most extraordinary device in the world. By its means, 
resistances can be measured with accuracy which express a range of 
difference equal to the ratio of one-thousandth to a million. This ratio 
numerically is that of one to a billion and cannot be equaled by any 
simple device in existence. It is as if a pair of scales could weigh 
with equal accuracy, one one-thousandth of an ounce and a million 
ounces. This extraordinary device is used for the purpose of meas- 
uring all kinds of resistances, high and low. The value of insulation 
resistances are discovered by the method just described; but for gen- 
eral resistance measurements, the Wheatstone bridge is universally 
used. It practically consists of a loop of wire so constructed that a 
galvanometer whose terminals rest on each wire of the loop, respec- 
tively, will indicate the difference in drop between one part of the 
wire to which it is attached, and the part of the other wire to which 
it is similarly joined. For instance, if two parallel wires of a certain 
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resistance carry a certain current, it is easy to realize that the termi- 
nals of a galvanometer will find a place on each wire respectively 
where the drop will be equal. (See Fig. 24.) Under these conditions 
no current could possibly flow into the galvanometer. If the upper 
or lower terminal of the galvanometer is shifted a trifle either way, it 
will take a potential higher or lower than that of the other wire, and 
a current will consequently flow through the instrument. When the 
two points spoken of are 'found, however, the galvanometer remains 
unaffected. This condition is expressed by saying that the A arm (see 
Fig. 25) is to the B arm as the C arm is to the D arm. By this is meant 
that the resistance of A, B, C and D bear a certain relationship to each 
other. If they are given such values as 10, 20, 40 and 80 ohms, then 
10 is to 20 as 40 is to 80. The fact that A is to B as (7 is to D, is only 
true, of course, when the galvanometer terminals reach these particu- 
lar points where the "drops" of the two wires are alike. 

EQUAL POTENTIAL 




MaeMnert,N,T. 
Flff. 20. Diaflrrammatlcal Rapreaentatlon of the Wheatatone Bridge 

Now, if the two wires are joined at each end to form a loop with the 
galvanometer between and a battery supplying the joined ends with 
current, as In Fig. 25, then the conventional Wheatstone bridge ap- 
pears ready for service. In practice, the A and B arms express the 
ratio of 1 : 10 or 1 : 100 or 1 : 1000. The C arm is adjustable, so as 
to develop a balance between itself and the resistance to be measured. 
Supposing the A and B arms are set at the ratio of 1 : 100, then if the 
unknown resistance is inserted, and the C arm adjusted by manipulat- 
ing the resistance it represents until the galvanometer does not show 
any deflection, the bridge is said to be balanced. If the balance was 
only possible when the C arm was made equal to 100 ohms, then the 
D or unknown resistance must be equal to 10,000 ohms. The method 
is simple enough if the necessary ratio of A : B = C : D is remem- 
bered. If, for example A = l, B = 10, = 100, then 1 : 10 = 100 : D. 
According to these flgures D = 1000 ohms. If the bridge is con- 
structed with many A and B ratios, the range of measurement is there- 
by greatly increased. 
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BATTERIES 

A battery as understood by the scientific world of to-day, is a device 
by means of which chemical energy is directly transformed into elec< 
trical energy. Were it possible to burn coal and obtain electricity 
without the aid of an engine or dynamo, the process would be very 
similar to that taking place in a battery. Here, the fuel is generally 
a metal and an acid, and from these two electricity is produced as a 
full equivalent of the transformation which takes place. 

The Voltaic Pile 
The Voltaic pile, Fig. 26, consists of a disk of zinc and copper rest- 
ing together, then a disk of blotting paper slightly tinctured with 
acid, then two more disks, respectively of zinc and copper, then blot- 
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Flff. ao. The Voltaic Pile 

ting paper, etc. This arrangement of metal disks is historic and 
proved a source of the greatest interest to the rising world of ex- 
perimenters of over a century ago. As it represents the earliest type 
of battery of which any records exist, and as from it arose the multi- 
tude of diverse forms, including both the dry and the wet battery, 
with its many modifications, it is evident that an examination of the 
principles it embodies will prove interesting and instructive. 
What is generally called a simple voltaic cell, Fig. 27, consists of a 
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jar containing a diluted solution of sulphuric acid and two elements. 
These elements are respectively plates of zinc and copper. On bring- 
ing together two wires attached to these plates, a current of electricity 
will flow. 

Action on the Plates 

The zinc plate will gradually dissolve in the solution, and while 
undergoing this process, it develops electricity. The copper plate seems 
to serve a different purpose. It is not affected to any extent by the 
chemical process taking place, but simply serves as a means of trans- 
mitting the electricity. For this reason the pole of the passive plate 
is called the positive and the pole of the plate acted upon is called the 
negative pole. In reality, the plates deserve opposite names, because 
the plate producing the electricity is the positive plate, although the 
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Fig. 28. Principle of Process of 
Polarioatton 



negative pole, and that to which the current is transmitted, is, more 
accurately speaking, the negative plate, though the positive pole. 

The voltaic pile composed of alternate disks of copper and zinc, is a 
simple dry battery in which the dampened paper, slightly acidulated, 
acts upon the zinc and in producing chemical action develops elec- 
tricity. 

What is generally understood as chemical action, is a union taking 
place between dissimilar substances to form a new product. This is 
familiar to the layman as well as the chemist, but the fact that is 
not so evident is that whenever chemical action takes place, electricity 
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is developed. In other words, that which is called a battery, is simply a 
device in which chemical action is directly transformed into electricity. 

Polarization 

A simple voltaic cell will not run well very long. It will gradually 
fail and its power diminish to a point so low that little or no current 
is perceptible. A battery of this kind consists of two plates, as stated 
before — one of zinc and one of copper. These plates rest in an acid 
solution which attacks the zinc plate. If a jar of this character, con- 
taining such elements, is held up to the light the effervescence in the 
neighborhood of the zinc will be easily perceived. This is due to the 
sulphuric acid combining with the zinc, thus producing zinc sulphate 
and hydrogen gas. The solution will also begin to heat up, and a 
stream of hydrogen will pass across the liquid from the zinc plate, as 
shown in Fig. 28, and cluster around the copper plate. Hydrogen is 
one of the lightest and consequently the most buoyant of gases, yet 
it will not rise from the zinc to the surface directly, but instead moves 
horizontally to the copper plate. The clustering of these hydrogen 
bubbles around the copper plate has the effect of weakening the cur- 
rent to such an extent that it is merely necessary for enough of them 
to gather to completely destroy the value of the cell as a producer of 
electricity. When this condition has been reached the battery is said 
to be polarized. Polarization, therefore, is a condition in a cell brought 
about by chemical and electrical action through which hydrogen gas 
is deposited upon the copper plate and interferes with or prevents the 
action of the cell. 

The gas on the copper plate is carried over by the current. The 
action is called electrolytic, by which is meant that an electric current 
has the power of carrying over from pole to pole certain constituents 
that it finds there. In the case of a simple electric cell, the current 
travels from the zinc through the liquid to the copper plate. The 
action therefore is exactly similar to electroplating, only instead of 
zinc being carried over, hydrogen is transmitted. The copper plate 
is therefore plated with hydrogen gas, which has two effects upon the 
action of the cell as an electrical generator. First, the hydrogen acts 
as a non-conductor, and therefore prevents the electricity from passing 
into the copper plate; second, the hydrogen has the effect of tending 
to develop a current in the opposite direction in conjunction with 
other elements of the cell. These two injurious influences cause the 
simple voltaic cell to cease its action after a short time has passed. 

The ebullition due to intense chemical action will not diminish even 
though no current flows outside. The process by which current can 
develop and be used under these circumstances is seriously interfered 
with, and in consequence methods are employed to destroy the effect 
of polarization in a cell. 

Methods of Depolarization 
The methods of depolarization may be classified under three distinct 
headings: 
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First — Depolarization by mechanical means. 

Second — Depolarization by chemical means. 

Third — Depolarization by electro-chemical means. 

There are no primary batteries in use which do not employ one of 
these three methods to accomplish the purpose in view, namely, the 
annihilation of polarization. 

Mechanical Method 

The mechanical method is the simplest method of all to grasp, as it 
is quite evident that if the liquid in the battery is vigorously stirred 
the hydrogen bubbles will be dislodged and the gas thus freed will 
pass to the surface and disappear. The liquid can be kept flowing, 
which will accomplish the same purpose. 

In many early batteries, air was blown through the liquid and the 
hydrogen thereby removed. One of the most interesting cases of the 
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application of mechanical means is found in the Smee battery. This is 
a cell greatly in vogue in the past for electroplating necessitating the 
use of powerful electric currents. The negative plate of this cell (see 
Fig. 29) was constructed so that it presented a surface of platinum 
to the liquid, but not a smooth surface. It was rough and prickly, 
and the general appearance of it, as shown, indicates the difflculty 
with which hydrogen bubbles could lodge and adhere to the surface. 
In a cell of this kind the hydrogen passes freely over from the zinc 
to the platinized copper plate with the result that a continuous stream 
of hydrogen gas ascends from the negative plate to the surface of the 
liquid. It is possible, therefore, to sum up the mechanical method 
of depolarization in the following manner: 

First — Depolarization by agitating the liquid. 

Second — Depolarization by air blown through. 

Third — Depolarization by using rough plates. 

Means are employed nowadays which insure to a large extent the 
continued action of the battery in cases where such action is expected. 
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Open and Cloeed Circuit Batteries 
Polarization has been the means of dividing batteries up into two 
general classes. They are called: 

1. Open circuit batteries. 

2. Closed circuit batteries. 

In the open circuit batteries it is the Intention of the manufacturers 
to produce a cell which can be used for occasional work without at- 
tention. The so-called dry cell. Fig. 30, is a well-known type of this 
kind. These cells polarize rapidly, but only when kept in continual 
use. On the other hand, if placed on a shelf or in an out-of-the-way 
place they require no attention and may bo 
thrown away at the end of a year or more 
of intermittent use. Such cells are distinct- 
ly open circuit cells, that is to say, they are 
on open circuit most of the time. If kept 
on a closed circuit for any longer period, 
polarization will set in and the cells rapidly 
become useless unless allowed to recuperate. 
An open circuit cell is not provided with 
means for rapidly depolarizing its negative 
plate. It has not the proper chemicals with- 
in to destroy the hydrogen gas rapidly 
enough to permit an uninterrupted and un- 
diminished flow of current. 

In the closed circuit batteries the opposite 
idea in a sense prevails. The manufacturers 
of these want to provide a source of electri- 
city which can be permitted to flow for 
long periods of time without considerable 
diminution of strength. One of the most 
familiar batteries of this type is the old 
gravity battery so much employed on tele- 
graphic lines. It may be connected up to 
a circuit and will give current for weeks 
and months at a time. In fact, it is so dis- 
tinct a type of the closed circuit battery 
that, whereas the dry cell as an open circuit battery must not be on 
closed circuit for more than a few minutes at the most at a time, the 
gravity battery must be kept on closed circuit and must not be left 
on an open circuit for more than a short time during its use. 

In a dry cell depolarization is slow, but the cell will not eat itself 
up rapidly when not in use. In the gravity cell depolarization is 
rapid but the production of current is limited, though continuous, and 
in this respect the open and closed circuit batteries represent funda- 
mental ideas based upon the method of producing depolarization rap- 
idly and continuously or slowly and occasionally. 
The greatest activity in battery invention took place in France thirty 
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or forty years ago. In one of the principal squares of Paris, electric 
lamps were set up, and the current supplied to them was obtained from 
powerful batteries. One of the famous equipments installed was called 
the cascade battery, Fig. 31, which consisted of tier upon tier of cells 
arranged on a pyramidal series of platforms. The liquid was pumped 
from a receiving tank at the bottom to the upper cells and from them 
it descended through a series of pipes to the tank below, thus passing 
through all cells in succession. The liquid in this system was in a 
constant state of motion and thus a mechanical method of depolariza- 
tion was obtained. 

In some cases part of the current was diverted through a motor, 
which, by running a fan, blew air through Xhe liquid of the cells. In 
other cases the liquid was stirred and this effectually dislodged the 
hydrogen bubbles. All the methods outlined produced an agitation in 
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the liquid which caused depolarization; but by far the most important 
of the three classified means of producing depolarization is the chemi- 
cal method. 

Chemical Method of Depolarization 
Hydrogen is a gas possessing a great affinity for oxygen. The use 
of a chemical mixed with the solution, the said chemical possessing a 
great deal of oxygen, would be effective in combining with the hydro- 
gen, and thus free the cell from the injurious effects of polarization. 
A chemical in common use for this purpose is bichromate of potash. 
This crystal possesses a great deal of oxygen bound up with the other 
elements which constitute it. In consequence of this, when a diluted 
solution of sulphuric acid dissolves crystals of bichromate of potash, 
the new solution possesses hydrogen-absorbing properties which are 
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used directly In the construction of what it called a bichromate of 
potash battery. 

When the acid solution attacks the zinc, hydrogen gas in very small 
bubbles is released and carried over towards the other plate, consisting 
in this case of carbon. It is rapidly taken up by the bichromate in 
solution, the oxygen combining with the hydrogen and thus permitting 
the cell to continue to develop a strong current If the chemical 
activity between the zinc and the acid is too intense, gas will be re- 
leased more rapidly than the oxygen in the bichromate can absorb it. 
In this case, a gradual polarization would ensue and the battery 
weaken. A battery will polarize,-^ therefore, in spite of the chemical 
method of depolarization if sufficient depolarizing material is not em- 
ployed. 

In the so-called open circuit cell depolarization is not rapidly car- 
ried on. The depolarizing material, such as that used in dry cells, 
is dioxide of manganese, which simply represents a chemical con- 
taining enough oxygen to slowly absorb or combine with hydrogen. 
When a dry cell is in use, the salammoniac in contact with the zinc 
shell of the battery releases hydrogen gas. This gas attempts to pass 
through the cell to the carbon pole. Before reaching it, however, the 
dioxide must be traversed. Here the hydrogen is assimilated and 
the carbon freed from the effects of polarization. The dioxide cannot 
absorb the hydrogen very rapidly. This Is the reason why a dry cell 
will quickly polarize if used continuously. Were it constructed, how- 
ever, with a great deal of the depolarizing material arranged around 
and in contact with the negative plate, it is very likely that the ceil 
would be able to operate continuously while giving a comparatively 
powerful current; but this would mean a bulky cell and an expensive 
one as well. The salammoniac solution which acts upon the zinc 
merely dampens the pulp or packing which is employed in contact 
with the zinc. A dry cell is therefore a damp cell inside though sealed 
on top to prevent evaporation. 

A cell which polarizes quickly is merely a cell whose constituents 
combine with the hydrogen slowly. On the other hand, a cell which 
can remain on a closed circuit a long time is one which absorbs the 
hydrogen quickly. This distinction is very important and shows that 
the classification on this basis is the only practical one to make with 
reference to the utility of the cell. 

Mixed Types of Cells 
Cells have been constructed which possess the qualifications that 
entitle them to be used for both intermittent and constant service. A 
cell of this description also makes use of bichromate of potash and a 
diluted solution of sulphuric acid. As a general rule the water is 
acidulated until a 10 per cent solution is made — ten parts water and 
one part acid. In the simple form of the bichromate battery it is the 
custom to saturate the solution with bichromate crystals. To accom- 
plish this, warm water is employed in which enough crystals are dis- 
solved, and then the acid is added. 
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A rule which must never be broken is that the acid must be added 
to the water, never the water to the acid. If this rule is not observed 
serious injury may result to the experimenter. The jar will crack 
through the intense heat and the acid will spatter around. If it gets 
into the eyes or on the hands or clothes an alkaline solution must Jt>e 
applied at once. Ammonia or soap and water are effective antidotes. 

Action on the Zinc 

Before considering other types of batteries, a curious phenomenon 
must be observed in connection with the zinc. If a rod of zinc is 
used as one element and a rod of carbon or copper as the other, then 
when both are inserted into a diluted solution of sulphuric acid, effer- 
vescence immediately begins in the neighborhood of the zinc. The 
acid attacks the zinc In the following manner: 

Sulphuric acid + zinc = zinc sulphate + hydrogen. 
HSO^ + Zn=z ZnSO, -f H^ 

This simply means that the acid and zinc combine forming zinc sul- 
phate and thus release the hydrogen from the acid. 

In an ideal cell, the zinc should not be consumed unless the battery 
is in use. And it may be furthermore stated that pure zinc will not 
eat away in a diluted sulphuric acid solution. The question then nat- 
urally arises, "Why does the zinc eat away at all?" To answer this 
question correctly, it is necessary to understand that commercial zinc 
is impure, and in consequence of this, the Impurities with which it is 
permeated, such as particles of iron and carbon, etc., form small vol- 
taic cells with the zinc in which they are embedded. This causes 
intense chemical action, and the zinc wastes away, whether the cell 
is in use or not. 

Amalgamating the Zinc 

To remedy the serious and otherwise insurmountable defect men- 
tioned in the previous paragraph, a coating of mercury is applied 
to the zinc rod. First the zinc is dipped in a solution of diluted 
sulphuric acid, and then, after it is thoroughly clean, the mercury is 
poured over it, or it is dipped into a dish or bottle containing mer- 
cury. If a rag is used the amalgamating process is carried on more 
successfully. The action of the mercury is as follows: It dissolves 
the zinc, leaving the impurities behind, and thereby presents to the 
action of the acid a coating of pure zinc mixed with mercury. The 
mercury is perfectly neutral, and in consequence a well amalgamated 
piece of zinc may be allowed to remain in an acid solution for many 
days without any waste of the zinc taking place. A bichromate of 
potash battery supplied with well amalgamated zincs, will use up the 
zinc only when the battery is in use. If there are impurities in the 
mercury or acid, a slow action will take place, and the zinc, if al- 
lowed to remain in the solution, will disappear. This difficulty has 
been met in at least one instance by the invention of a means of auto- 
matically amalgamating the zinc. 

A cell called the Fuller mercury bichromate employs the follow- 
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ing method for automatically amalgamating the zinc. Instead of a zinc 
rod, a cone of zinc is employed. This rests on the bottom of a porous 
Jar, Fig. 32, and into the Jar a tablespoonful of mercury is poured. A 
diluted solution of sulphuric acid is then poured into this Jar. An 
outer glass Jar holds a bichromate of potash solution, and in this 
solution either one or more carbon rods are suspended. -If the acid 
solution acts upon the zinc, there is always mercury there to heavily 
reamalgamate it. This is of course an automatic action, the mercury 
climbing up the cone of zinc, and thereby preserving its integrity 
until the battery is on a closed circuit. The hydrogen which is re- 
leased passes through the walls of the porous Jar, and meets the 
bichromate solution which combines with it. 
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A cell of this description may be used for continuous work, and will 
under these circumstances deliver a strong current. On the other 
hand, if used only occasionally, it will act as an excellent open circuit 
battery, because no waste of material can take place when it is not 
in use. Evaporation will occur, and the acid may lose its strength 
in the course of time, but cells of this character are good for several 
years of service on open circuit and are exceptionally reliable for 
closed circuit work as well. 

Recapitulation 

In relation to prevention of polarization, two methods have been 
considered: the mechanical and the chemical. The purpose of amalga- 
mation is to prevent "local action." This is the term employed to de- 
scribe the injurious effect of the presence of impurities in zinc. It 
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has been attempted by manufacturers to cast the zinc with mercury, 
and thus offer on the open market a zinc presumably free from local 
action when in luse. The effort was unsuccessful, because the zinc did 
not retain enough mercury to make such an alloy equivalent to a 
thorough amalgamation, neither has it been found possible, except in 
rare cases, to substitute any other metal for zinc in a battery. Thomas 
A. Edison has succeeded to some extent, but the fact remains, that 
to-day, both dry and wet cells employ zinc as an indispensable element, 
and in addition a positive plate of carbon or copper. 

The Electro- chemical Method of Depolarization 
The third method of reducing or removing the hydrogen from a bar 
tery may be found in the first popular type of cell in practical use 
This cell, greatly used to-day, and exclusively employed in this coun 
try in the past for telegraph lines is called the gravity battery. The 
name was given to it because the two solutions this battery holds 
when in normal action are separated from each other solely by gravi- 
tation. The two solutions are respectively sulphate of copper, which 
is in this case the under layer, and sulphate of zinc, the layer of so- 
lution resting on the first Their specific gravities prevent them from 
mixing as long as they remain undisturbed. In this cell a crowfoot of 
zinc is suspended above in the sulphate of zinc solution. Below is 
found a cross of copper surroimded by a solution of sulphate of cop- 
per, and with copper heaped around it. (See Fig. 33.) 

The zinc is acted upon by the solution around it and hydrogen gas 
is produced which seeks to travel downward to reach the copper cross 
below. (See Fig. 34.) Here it enters the sulphate of copper solution 
at the point where both meet. The sulphate of copper solution seizes 
hold of the hydrogen gas, but substitutes for it a particle of pure cop- 
per. The pure copper particle continues to travel toward the copper 
cross the same as if it were the hydrogen bubble. It follows the same 
route and finally attaches itself to the copper cross. This action, in- 
stead of interfering with the output of electricity from the cell, im- 
proves it When the hydrogen gas meets the sulphate of copper so- 
lution the following exchange takes place: 
Hydrogen + sulphate of copper = copper + sulphuric acid. 

This means that when hydrogen gas and sulphate of copper combine, 
sulphuric acid is made and pure copper (Cu) is separated. In the 
electro-chemical method of depolarization the hydrogen gas is held, 
and the resulting copper sent on in its place over the same path to de- 
posit itself, instead of the hydrogen, on the copper element This, of 
course, results in an accumulation of pure copper on the copper ele- 
ment, the complete absence of polarization, and an absolutely con- 
tinuous current of electricity of increasing instead of diminishing 
strength. 

This brilliant idea of substituting a metal through the agency of 
electricity, in place of the hydrogen gas is originally due to Daniell, the 
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Inventor of the famous Daniell cell at one time accepted as a standard 
of electric potential, but subseQuently converted into the now better 
known gravity battery. The Daniell cell, like the gravity battery, 
makes use of the same elements and naturally operates along the 
same general lines. 

Zinc as Fuel 

Power is produced in a cell by chemical action taking place between 
the zinc and acid. As zinc is employed in the great majority of bat- 
teries, and as this metal is consumed during the operation of the cell, 
it must be regarded as the fuel through which the transformation of 
chemical energy into electrical energy is effected. If during the opera- 
tion of a cell, the liquid becomes very warm, it is a sign that the 
processes are not taking place properly, and the energy which should 
be transformed into electricity is being dissipated as heat. 
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If zinc is to be regarded as fuel, the battery utilizing it cannot be 
considered as differing essentially from a steam boiler, whose power 
in the form of steam under pressure is the result of the chemical 
processes taking place between the coal and the oxygen in the air. 
In the general run of steam plants it takes from 4.5 to 6 pounds of coal 
to give 1 horsepower for one hour. In a battery it takes from 1 to 2 
pounds of zinc to give 1 horsepower-hour. The reason why the 
amount of zinc per horsepower-hour differs so much is because the 
number of volts produced by different cells differ. For instance, it is 
well known that the number of volts produced by a zinc and copper 
cell are about 1, whereas the number of volts produced by a zinc-carbon 
cell is about 2. In other words, the elements composing a cell give a 
number of volts depending upon the character of the elements em- 
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ployed and the nature of the solution. If this is true, then it must be 
understood that the amount of zinc consumed to produce a current of 
a given strength is always the same. The exact amount of zinc con- 
sumed to give a current of 1 ampere for one hour is 1.2133 gram. If 
these figures are turned into the English system, it will be found 
that the following results are obtained: 

VoltB of Honepower- Weight of 

Cell. hours. Zinc. 

1 12 pounds 

1.5 1 1.33 pounds 

1.75 1 1.14 pounds 

2.00 1 1.00 pounds 

2.5 1 0.80 pounds 

To test a battery it is necessary to weigh the zinc plate before and 
after it has developed a given amount of current for a specified time. 
If there are marked differences between the fis;,ures obtained, and 
those given in the table, local action will be suflicient to account for 
them. Comparing the cost of electricity obtained from batteries with 
that obtained from electric light plants, the figures in the following 
will indicate the impossibility of the former at present competing with 
the latter. The question is essentially a commercial one, in which the 
contrasting figures show the costliness of electricity obtained by chem- 
ical action in batteries. 

Cost of Blectricity firom Bichromate Batteries 
A solution of sulphuric acid and bichromate of potash of the fol- 
lowing proportions, costs about 35 cents a gallon: 1 pint water dissolv- 
ing 3 ounces bichromate of potash; add 2 ounces sulphuric acid. 

The cost of the zinc would be about 15 cents a pound, well amalga- 
mated with mercury. On this basis, estimating that one pound of zinc 
will require one gallon of solution, it is easy to see that the genera- 
tion of 1 horsepower-hour would Involve the following expense with 
a 2-volt battery: 

Zinc, 1 pound 15 cents 

Solution, 1 gallon 35 cents 

Total 50 cents 

If these figures are compared with the cost of a horsepower-hour 
produced in an electric light station, where this power costs about 4.5 
cents instead of 50, the ratio between the two is more than 10 to 1 in 
favor of the dynamo plant. 

If batteries are used which give less than two volts, the cost rises 
until it is seen that any claims to do electric lighting, or to supply 
power from batteries, are necessarily absurd if the proposition is 
framed so as to indicate attempted competition with electric light 
and power plants. 

The possibilities associated with the primary battery are very great 
from a U^eoretical standpoint Many eftorts have been made to obtain 
the energy from coal by electrical means without resorting to direct 
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oxidation and combustion. If it were possible to reduce coal, so that 
while oxidizing it did not develop heat, but electricity, then a great 
problem would be solved. A well-equipped electric light plant is able 
to get the effect of about 14 pounds of coal out of every 100 pounds 
consumed. On this basis it is evident that more than six times the 
amount of power obtained is wasted through radiation, etc. An elec- 
trical method of reducing coal so as to transform its heat energy 
directly into electricity would represent a great saving of fuel and 
power. The general efficiency of a battery is high in comparison with 
an electric light plant. While a battery has over 70 per cent efficiency 
an electric light plant has only 14 per cent. But, as shown by the last 
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figures, the cost of the materials consumed is too great. This being 
the case, further progress in the field of battery construction is im- 
peded. 

Storage Batteries 
Place the terminals of a battery of cells in acidulated water, as in 
Pig. 35, and note the bubbles which appear at the positive and negative 
poles. A close examination will reveal the fact that there are more 
bubbles at the negative than at the positive pole. The process taking 
place is this: The electricity in passing from pole to pole decomposes 
the water; the two gases composing water are oxygen and hydrogen 
and these gases collect at the two poles, the oxygen appearing at the 
positive, and the hydrogen at the negative pole. There is more hydro- 
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gen than oxygen because water when decomposed yields twice as much 
hydrogen as oxygen. 

II tubes, as shown in Fig. 36, are used to collect the gases at the 
two poles and these tubes partly dip into the water along with their 
platinum electrodes, then, when sufficient gas has been collected the 
following experiment can be tried: A galvanometer can be attached 
to the two electrodes, as in Fig. 37, and the effect of this connection 
noted. The needle of this instrument will, at the moment of connec- 
tion, swing from a position of rest and indicate the passage of a strong 
current. The only explanation of this is by reference to the two gases 
and the electrodes. Here is a case of a current appearing, as if this 
combination of tubes, gases and electrodes with water represented the 
constituents of a battery. By sending a current into this combination 
of parts, gases are evolved. On bringing the terminals from the tubes 
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together, after disconnecting the original source of electricity, a cur- 
rent is returned. This is, in many respects, the first type of storage 
battery evolved, and from this developed many of the types in common 
use to-day. 

Gaston Plante may be considered the father of the modern storage 
battery. He tried the foregoing experiment and then decided to try 
metals other than platinum for his electrodes. The results obtained 
by the use of lead plates were so successful that little if any scientific 
progress has been made in this direction since his day. Lead electrodes 
when dipped in diluted sulphuric acid, and carrying an electric cur- 
rent, begin to oxidize. The plate connected to the positive pole be- 
comes coated with a film of peroxide of lead, a reddish spongy de- 
velopment. The other plate, connected to the negative pole, is oxi- 
dized to a lesser degree. In this case the coating is one of dioxide of 
lead, a grayish and less spongy surface. (See Fig. 38.) When these 
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oxidized surfaces appear, if the current is stopped and the electrodes 
connected to a meter or indicating instrument like a galvanometer, a 
powerful current will be noted. 

The current will continue to flow from the plates for a while, and 
then it will cease. In order to develop a capacity within the plates 
for a continued supply of current, Plante found it necessary to "form" 
the plates. This is accomplished by sending a current in one direc- 
tion, and then discharging the cell, and then in the other direction, 
and discharging the cell. By repeating this process and lengthening 
the intervals of charging the plates and discharging them, the so-called 
forming process is eventually completed. When the plates are formed, 
they are of a spongy texture, but their capacity is greatly in- 
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creased. The gases formerly seen at the beginning of the process do 
not appear. All of the energy applied in the form of electricity. In a 
theoretically perfect cell, is transformed into chemical energy within 
the porous and spongy plates of dioxide and peroxide of lead. 

A storage battery, therefore, is a device which receives electrical 
energy, and transforms it into chemical energy, and which again trans- 
forms this latter into electrical energy when the cell is being discharged. 
During this process some of the energy is wasted in heat and in de- 
composing the solution. The dissipation of energy occurs while the 
cell is being charged and again when it is being discharged. About 
30 per cent of the total power is thus lost. 
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A storage battery, after it is charged, possesses nearly all of the 
features of a primary battery. The gradual transformation of the lead 
plates Into oxides, whose relationship to each other in the acid so- 
lution gives rise to a current, makes it clearly evident that the oxides 
are responsible for the result although they themselves are the direct 
effect of electrolytic action. 

The Inventions of Brush and Faure 

Charles F. Brush in America took out patents on a rather different 
type of plate from that known as the Plante. Camille Faure, of 
France, laid claim to the same general improvement as that about to 
be cited. He argued that the development of the lead oxides on the 
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lead plates through the "forming" process is necessarily a slow and 
expensive method and proposed to hasten it by the application of 
lead oxides to the surface of the lead. A red lead paste was originally 
applied to both plates, and this, by the action of the current, was re- 
duced to the oxides found on the original Plante plate. Eventually a 
lead grid, Fig. 39, was invented, in the openings of which the oxides 
were pasted. Red lead paste was applied to the positive, and a paste 
made of litharge to the negative grid. By this means intimate contact 
was secured between the grid and paste and it became easier to obtain 
what is called "an active surface." 
The pasted grid plate has the advantage of both lightness and ca- 
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pacity and thus Improves the utility of the storage battery in this 
respect. A Plante plate is very weak unless reinforced by the use ot 
thick lead. Grids, however, can be made of an inozidizable material 
to resist deformation. For automobile service, as well as for station 
use, the storage battery has found a distinct field. 

Defects of Storasre Batteries 

The defects of storage batteries may be classified under the two 
following heads — sulphating and buckling. The first, sulphating, is 
due to the plates being left in the acid solution uncharged. The sec- 
ond, buckling, is due to the discharge being too heavy and thus bending 
or buckling the plates. 

Sulphating is avoided by keeping the batteries charged, never allow- 
ing the charge to fall below a certain point. The means for detecting 
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when the charge falls below the required point is to be found in the 
voltage of the cell. When fully charged its voltage is 2.2 and when 
being discharged it should not be allowed to fall below 1.9 volts. By 
adhering to this rule sulphating is avoided. The action of the acid on 
the lead forms a whitish cement-like coating, which consists of sulphate 
of lead. This can be scratched off only with great difficulty, but may 
be eventually transformed into an oxide by continued charging. A 
strongly built plate will resist the warping influence of a heavy dis- 
charge. The standard types found in the open market are built on 
these lines and serve the purpose expected of them satisfactorily. 
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Capacity of Storetfire Batteries 

The area of the plates governs their capacity, as well as the amount 
of active material they contain. One cell with twice the plate surface 
of another cell would have ahout twice the capacity, other things 
being equal. Catalogues of the manufacturers of storage batteries will 
supply this data, which varies with each particular style of plate. 
The rating is given In ampere-hours, which means a given strength of 
current for a given number* of hours, a greater current for less hours 
or less current for a greater number of hours. 
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CHAPTER I 



MAGNETISM 

The ancients had many legends founded upon the wonderful proper- 
ties of the lodestone. In the Arabian Nights, Sinbad the Sailor de- 
scribes the destruction of the vessel in which he and his companions 
sailed, by approaching too close to a mountain of lodestone. The nails 
were drawn from the vessel and it fell to pieces. The lodestone was 
originally found in Magnesia, from which was derived the name mag- 
net From a chemical standpoint it may be represented by the for- 
mula Fe,0«, which means a combination of Iron and oxygen, forming 
an oxide, sometimes called magnetite. This mineral possesses perma- 
nent magnetic properties, by which is meant that it has the power of 
attracting light fragments of iron, and holding them with considerable 
tenacity. 

Sir Isaac Newton, the distinguished discoverer of the laws of gravi- 
tation, was very proud of a piece of lodestone he possessed set in a 
ring. It was powerful enough to lift several hundred times its own 
weight, and in addition betrayed the presence of poles. By this is 
meant, that at certain points in this mineral, the power seems to be 
concentrated, and this may be considered as the chief peculiarity of 
the lodestone. 

If we dip a lodestone into a cup of iron filings, and then withdraw it. 
It will be noted that the filings cluster at each end very thickly. This 
Is merely a manifestation of the peculiar property of all magnets 
whether natural or artificial — they have two poles. At these points 
(see Fig. 1), an emission apparently takes place, to which the old ex- 
perimenters gave the name of magnetic fluid, but which in the lan- 
guage 6f modem science, is called a magnetic field. 

Magnetic Field and Magnetic Poles 
Perhaps no more familiar instance of the presence of a magnetic 
field can be given, than that of the earth itself. Like the lodestone it 
possesses poles and similarly sends out that remarkable emanation 
called a magnetic field. For this reason the earth exerts an infiuence 
upon a piece of lodestone suspended by a light thread. The lodestone 
will slowly swing until it has assumed a certain position, to which it 
will inevitably return, no matter how often displaced. This shows 
clearly, that the earth exercises a directive effect upon a lodestone, and 
in consequence the end of the lodestone pointing north has been called 
the north pole. 

It has been stated on good authority that lodestones have been used 
by the Chinese for many centuries as compasses or guides to the geo- 
graphical north. Whether this be correct or not, it is well known that 
by rubbing a piece of tungsten steel with a lodestone, the magnetic 
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properties of the lodestone are imparted to the steel, and that the steel 
will act in all respects as the lodestone itself. It will possess poles, 
and naturally a magnetic field. If properly mounted, it will swing 
around and point north, and, in fact, it becomes an indispensable agent 
of civilization, namely, a compass needle. If the end of a magnet 
pointing north is called a north pole, it is but a step to conclude that 
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the Other end must point south, and will be called a south pole. From 
this conclusion arises a line of demarkation between the two poles. 
If two pieces of steel are magnetized, and mounted as in Fig. 2, so as 
to swing freely, they will turn so as to present opposite poles to each 
other. It is useless to attempt to turn them from their positions with 
regard to each other In this respect. They will inevitably return to the 
position which brings the north and south pole nearest to each other. 
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and, in fact, they betray a repulsive force when an attempt is made 
to place them with like poles in proximity to each other. 

This has led to the discovery of the operation of certain laws, which 
may be stated in the following manner: 

Unlike poles attract each other. 

Similar poles repel each other. 

It has, owing to the principles expressed by these laws, become a 
matter of argument as to which id really the north pole of a magnet 
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with respect to the earth. According to the above laws the end of a 
magnet pointing north would be a south pole, as this is the only- 
pole the north pole of the earth could attract. By some it is called the 
"marked pole" or the "blue pole/' and finally it is termed by others, 
rather sensibly, the "north seeking pole." The navigator and scientists 
in general call it the north pole, in spite of this fact, and it will be so 
called in the present treatise. 

The Qeographical and Magnetic North 
Lest there should be any misapprehension regarding the relative 
positions of the geographical and magnetic poles, which are entirely 
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different, it may be stated at once that the geographical north pole of 
the earth is a geometrical point on the earth's surface. On the other 
Hand, the magnetic north pole is located somewhere in the neighbor- 
hood of Hudson Bay, Canada. 

A magnetic needle supported on a horizontal axis becomes what is 
commonly known as a dipping needle. At the equator the needle 
would practically have no dip. But as it is moved north or south a 
few hundred miles either the north end or the south end begins to dip, 
as shown in Fig. 3. If moved north until it approaches the mag- 
netic north pole, the dip becomes very pronounced, and if placed over 
the magnetic north pole, the north pole of the needle would point di- 
rectly down. From the standpoint of practical utility, however, the 
movement of the needle in a horizontal plane, as a compass, is of the 
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most direct importance. In navigation, allowance is made for the dif- 
ference between the magnetic and geographical north in steering a 
vessel. 

Ma^rnetlc Induction 
If a magnet is held near a piece of iron, even though no contact 
takes place, the piece of iron develops poles, as shown at A in Fig. 5. 
The influence of a magnet upon a neutral piece of Iron or steel is called 
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magnetic Induction. This explains the attraction which results be- 
fore contact takes place, and also shows how such attraction can be ex- 
plained in the light of the law which states that unlike poles attract 
each other. If a piece of hardened steel is thus exposed to the influence 
of a magnet it becomes permanently magnetized, that is to say, it 
will retain its magnetic properties after the source of magnetism has 
been removed. A piece of soft wrought-iron will not hold its mag- 
netism like steel. Therefore, as both can exhibit magnetism, in the one 
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Flff. 6. Arraaffement of Molecules In an Unmaffnetlsed and 
In a Magnetised Piece of Iron 

case permanently, and in the other case temporarily, they are called 
permanent magnets and temporary magnets. 

Theory of Magnetism 
The theory of magnetism is based upon the idea that it is a molecular 
phenomenon. The molecules of iron and steel differ in this respect, 
that when the molecules of steel are disturbed by magnetism they are 
not free to move back to their original position, whereas in the case of 
wrought-iron, they possess this power. According to this theory, and 
an experiment about to be described, every molecule of iron and steel 
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is by nature a magnet The means by which this idea is proved is as 
follows: A long steel needle or wire is carefully magnetized and its 
poles tested by a compass needle. It will be found to have a north and 
south pole. The wire is cut in half and then tested. Each half will 
be found to possess a north and a south pole. A repetition of this 
process will reveal the fact that every piece of steel has become a mag- 
net with two poles, as shown at B in Fig. 5. If one of these pieces 
of steel is supposed to be divided and subdivided beyond the practical 
limits possible, a point is reached where a molecule of steel is ob- 
tained. This molecule, according to preceding experiments, must pos- 
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sess a north and south pole. With regard to this polarized molecule, it 
may be said that the assumption of its existence is indispensable at 
present in relation to the explanation it gives of most of the magnetic 
phenomena observed in connection with iron or steel. 

If a test tube is filled with iron filings and exposed to a magnetic 
field, as shown in Fig. 4, the filings will arrange themselves in an end 
to end manner, each particular grain of metal placing itself so as to 
bring its opposite poles in contact with the opposite poles of its 
neighbor. When removed from the magnetic field, the filings, of 
course, become disarranged. The experiment seems to indicate that 
magnetism in iron or steel is equivalent to a certain position of the 
molecules. If a piece of iron or steel is not magnetized the mole- 
cules are irregularly arranged, that is to say, they do not point end to 
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end throughout the length of the iron rod. In fact, the molecules are 
arranged in small closed magnetic circuits which effectively shut off 
all external signs of magnetism from the body as a whole. These 
rings of magnetic elements are composed of what are called polarized 
molecules, that is to say, infinitesimal permanent magnets, whose nat- 
ural position is that illustrated at A in f^ig. 6. When the magnetic 
field affects them, however, they are torn or forced from this position 
and arrange themselves as shown at B. By this means one end of 
the bar becomes north pole and the other south pole, and it is easy 
to see that the fracture of the bar at any point whatsoever would result 
in opposite poles appearing, each at the respective ends of the fractured 
section. Therefore, when a permanent magnet is broken in half, two 
magnets appear; if broken again, four magnets are produced, etc. 

One of the most useful of magnetic principles is that which states 
that "lines of force tend to arrange themselves parallel to each other." 
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This principle is clearly shown in the repeated efforts of a compass 
needle, when diverted from its normal position by the finger or an- 
other magnet, to return to one in which its lines of force lie parallel 
to those of the earth. If a bar of iron is held almost at right angles 
to the magnetic field of a powerful magnet, as shown by the dotted 
lines in Fig. 7, the tendency of the field to twist the bar around to the 
horizontal position is due to this principle, and also to the fact that 
the poles in the bar induced by magnetic induction are thus brought 
closer to the poles of the magnet 

It is generally supposed that a magnet can only have two poles, 
but this is not so, as indicated in Fig. 8. Here the magnet has two 
north poles or it may have two south poles. This would give either a 
south or a north pole In the middle of the bar. Such a pole is called 
a consequent pole and is, as shown, a pole belonging to each of the 
magnets of which it constitutes a part. This shows that a magnet as 
thus understood is not necessarily a bar of steel or iron with a pole at 
each end, as such a bar may really consist of several magnets, depend- 
ing upon the magnetization of the bar. For this reason the distribu- 
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tion of the magnetic field must be ascertained and iiivestigated by 
means of a compass needle, otherwise it would be very confusing to 
find similar poles at the two ends of a magnetized bar. 

Horseehoe Magnets 

In order to obtain in full the effect of the two opposite poles a bar 
magnet is bent around, forming the familiar type of the horseshoe 
magnet, as shown in Fig. 9. This magnet is supplied with an armature 
of soft iron which is generally left in contact with the poles when not 
In use. Under this condition, very little, if any, magnetism can be 
detected outside of the magnet, and it constitutes in this form a 
closed magnetic circuit. 

The lines of force emanating from a horseshoe magnet's poles and 
sides follow a curved path, as shown in Fig. 9. This can be readily 
observed by placing a sheet of paper over the magnet and sifting iron 
filings on it. When they fall, they will arrange themselves in curved 
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lines showing the direction of the magnetic field. At each individual 
pole they repel each other, because, according to the fundamental laws, 
north lines repel north lines and south lines repel south lines. But 
they curve around in spite of this repulsion and meet each other ac- 
cording to the law that the lines of force of opposite poles must attract 
each other. 

A Unit Pole 

The exact measurement of magnetism is carried out by basing all 
calculations upon certain units, which are derived by reference to the 
centimeter, gram and second system. The unit pole may be regarded 
as the foundation of such a system and is defined as follows: A unit 
pole repels a similar and equal pole at a distance of one centimeter 
with the force of one dyne. Thus, the measurement of magnetism is 
based upon an idea easily comprehensible. A magnet repelling an- 
other magnet with a given degree of force, is thus named in accord- 
ance with the requirements of the definition. 

Were the magnetic poles so powerful that the repulsion could be 
measured in pounds, then the principle would be capable of demonstra- 
tion with exactitude on a large scale. But this is not the case, and 
the force developed is very small. 
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The Permeability of Iron or Steel 

Lines of force enter iron or steel and produce within iron and steel 
a polarized condition of the molecules. If the magnetic field between 
the poles of a powerful magnet is taken as a J^asis for experiments, 
then the following facts will be noted if equal sized bars of cast iron, 
steel and wrought-iron are tested: 

Experiment with cast iron: — Pull very strong. 

Experiment with mild steel: — Pull stronger. 

Experiment with wrought-iron: — Pull greatest of all. 



CAST IRON 



MILD STEEL 



WROUGHT IRON 



Jtachintry, U.T. 
Plff. 12. Oraphioal mnstr»tion of the PermMbblUty of DlfltarMkt Hotels 

The meaning of this experiment is as follows: The number of lines 
of force the cast iron develops are less than those of either the steel 
or wrought-iron. (See Fig. 12.) If the number of lines of force are 
any measure of the pull of a magnet, then the cast iron, mild steel 
and wrought-iron differ from each other as far as magnetism is con- 
cerned. If a bar of each of these metals of one square inch cross-sec- 
tion is exposed to the influence of a powerful magnetizing force, then 
if some means were provided by which the magnetism or number of 
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lines of force excited in each of these bars, respectively, could be meas- 
ured, some comparison could be made between them for the purpose 
of discovering In what respect and to what extent they differ. 

By employing an electric current in connection with a large electro- 
magnet, sufficient magnetism can be obtained to make a test of each of 
these bars. A button of wrought-iron attached to a spring balance, as 
shown in Pig. 14, with a little reel to gradually develop the pull is all 
that is required. The wrought-iron, according to such an experiment, 
will then show the greatest pull in pounds, then comes the mild steel 



Digitized by LjOOQIC 



MAGNETISM 



13 



and finally the cast iron. It is possible to test any sample of iron or 
steel by this means, and if the device is well constructed, considerable 
accuracy is attainable. The three metals referred to are greatly used in 
the construction of electrical machinery. 

It is evident that if magnetizable metals behave in this manner, it 
is necessary to use some distinguishing phrase to mark this difference. 
The term "permeability" is employed for this purpose, and the metals 
are referred to by saying "the permeability of wrought-iron is greater 
than that of steel," or "the permeability of steel is greater than that of 
cast iron," etc. 
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The permeability is expressed as the ratio between the strength of a 
magnetic field with iron in the field, and with iron out of the field, 
the lines of force in the latter case passing simply through the air, as 
shown in the upper view in Fig. 13. Suppose the number of lines of 
force between the poles of a magnet is measured, and then when a 
piece of iron whose permeability is to be discovered is placed in this 
magnetic field, as in the lower view in Fig. 13, its field is also tested. 
If the lines of force of the iron are divided by the lines of force of the 
original field the permeability is obtained. The permeability is gen- 
erally represented by the Greek letter /i (mu), and the formula is as 
follows: 
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Lines of force In iron 



Permeability = - 



Lines of force in air 
It can, therefore, be said that permeability is a naturkl qualification 
of magnetizable metals. Why one has more permeability than another 
is, in all probability, dependent upon the ease with which the mole- 
cules move when magnetized; but there is no distinct criterion for 
this, and the two extremes of permeability as found in daily practice 
are that of air and Swedish wrought-iron. Air is taken as the stand- 
ard and is said to have a permeability of 1. Wrought-iron has a per- 
meability of at least a thousand, depending, of course, upon its quality. 
The lines of force are measured with reference to the square centi- 
meter or square inch. In bars of equal size, the greater the number 
of lines per unit area, the greater the magnetic pull. 
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BLBOTRO-MAGNBTISM 

It is customary to term magnetism produced by electricity electro- 
magnetism, to distinguish it from that which has been produced by 
lodestones and permanent magnets. Permanent magnets can be made 
by electro-magnets as well as by the lodestone or other permanent 
magnets. In fact, the permanent magnet is simply a special case of 
retained magnetism, while in the production of electro-magnetism, 
either no iron is used at all, or. If employed, it is what is generally 
known as soft or wrought-iron or mild steel — a magnetizable material 
which does not retain its magnetism permanently. Many expressions 
are in use in relation to magnetism, such as natural magnets, artificial 
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magnets, permanent magnets, and temporary magnets. There are 
other phrases and words, some obsolete and some modern, which do or 
did apply to the subject of magnetism. Many of these are unscientific 
and misleading and it is best to cling to the later and more correct 
titles of to-day. If magnets are classified, irrespective of other con- 
siderations, as permanent magnets and electro-magnets, a beginning 
can be made for a correct practical and theoretical consideration of 
electro-magnetism. The last is what constituted the discovery of Oer- 
sted, namely that an electric current produced all the characteristics 
of a magnet. 

If a copper wire is used to carry a current of electricity from one 
pole of a battery to another, the entire wire will be found to be sur- 
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rounded by magnetism. This magnetism, or lines of force, as it is 
more properly called, can be detected by bringing a compass needle 
near the wire, as shown in Fig. 15. The needle will be affected to 
such a marked degree and in such a manner that it will place itself 
at right angles to the wire. Another curious phenomenon will be no- 
ticed. While the current is flowing in one direction through the wire, 
the needle will hold its position at right angles, as described, but if 
the current in the wire is reversed, the needle will swing around, and 
although it will settle itself at right angles to the wire in this case as 
well as the other, it will be discovered that the positions of the poles 
have changed — they have reversed. 

If the wire carries a very powerful current and it be thrust through 
a sheet of cardboard and iron filings scattered around, the presence of 
concentric circles of filings will be apparent upon lightly tapping the 
cardboard. The presence of magnetism as thus shown, simply proves 
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the existence of a magnetic field whose center is the wire and whose 
influence extends beyond it The experiment of reversing the current, 
however, shows by the reversal of the poles of the adjacent magnetic 
needle, that the magnetic field around the wire has reversed as well. 
The wire which carries a current is apparently the seat or source of a 
magnetic whirlpool. The direction of this whirlpool looking at the 
wire endwise, as in Fig. 16, is entirely a question of the direction of 
the current. Knowing this as an established fact of the greatest con- 
sequence in everyday practice, it is not difficult to explain why the 
needle reverses its poles with the reversal of the current. 

The lines of force of a magnetic needle pass out of the north pole 
and return to the south pole after describing a path through the sur- 
rounding space, which can be indicated by means of iron filings, as 
mentioned in the previous chapter. It is only for purposes of con- 
venience that this assumption is made, as either pole may be regarded 
as the one from which the magnetism issues, provided this pole is 
distinguished from the other. A wire carrying current also represents 
a case where the lines of force surrounding it have a definite direc- 
tion. Bringing a current-carrying wire and a compass in close Juxta- 
position, has the effect of forcing the needle to a right-angled position, 
simply because the lines of force of the needle and Wire, instead of 
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opposing each other, place themselves in such a position as to become 
parallel to each other. The needle, being free to move, responds to 
this tendency, and thus illustrates the principle that lines of force tend 
to arrange themselves parallel to each other. 

In this particular case the lines of force of the wire direct the posi- 
tion of the freely moving needle, and its north pole points along the 
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direction of rotation of the magnetic field or whirl around the wire, as 
shown in Pig. 17. If the current is reversed in the wire, the magnetic 
whirl reverses and the needle likewise, in accordance with the prin- 
ciple enunciated. 

Attractive and Directive Action 
The law, that unlike poles must attract each other, explains the phe- 
nomenon of magnetism so far as the actual movement of opposite poles 
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is concerned, but when the action of the earth's magnetic field upon 
a compass needle is considered, it becomes evident that here the action 
is directive, due to the fact that the lines of force of the earth and the 
needle set themselves parallel to each other. 

When a soft iron bar is placed in a magnetic field, as in Fig. 18, it 
becomes magnetized through induction, and hence, being for the time 
a magnet, its lines of force, so to speak, endeavor to pull toward 
the lines of force of the original field and in this way a twisting or 
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turning tendency is developed, forcing or tending to force the bar into 
a position in which it lies parallel to the magnetic field surrounding 
It This directive influence, as well as the actual attraction, are the 
sources of mechanical energy found in electric motors. 

The discovery of Oersted led him to regard a turn of wire carrying 
a current as the equivalent of a flat magnet. On bringing a com- 
pass near a loop of wire carrying a current, the needle will act as if 
the current-carrying turn of wire were a magnet itself. In fact, this 
is so; the lines of force surrounding the wire will produce on one side 
a north magnetic pole, and on the other side a south magnetic pole. 
The lines of force issue from one side of the loop and pass around 
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througn space to the other. The idea can be best represented, as in 
Fig. 19, by a number of wheels on a metal rod, all rotating in the 
same direction, whether the rod remains straight, is bent, or brought 
around into a loop. Looking at one side of this loop, the rims of the 
wheels are rotating outwardly, and on the other side they are entering. 
In a similar manner the lines of force ceaslessly rotate around a cur- 
rent-carrying wire as an axis, only reversing their direction of rotation 
when the current in the wire is reversed. If the wire remains in the 
form of a loop, and the current in it is reversed, the side of the loop 
from which the rotation or direction of the magnetic lines emanates In 
the first place will now be the side in which they will enter instead of 
leaving, and vice versa. 

Poles and Direction of Current 

A new and very important fact now presents itself with respect to 
the loop of wire carrying a current. When the needle is brought near 
one side, tne north pole of the needle is attracted, and when it is pre- 
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sented to the other side the south pole of the needle is attracted. If 
the direotion of the current is noted with respeot to the direction of 
motion of the hands of a clock, it will be seen that the current appears 
to pass in the wire coil from one side in a direction opposite to the 
hands of a clock, and from the other side toith the hands of a clock. 
In other words, the direction of flow of the current will be dependent 
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upon the end of the coil nearest to the point of observation. It will be 
found that on that side of the coll where the direction of the current 
is opposite to the motion of the hands of a clock, a north pole appears, 
and conversely, on the other side of the current-carrying loop, where 
the current circulates from its positive to its negative pole in a direc- 
tion similar to the movement of the hands of a clock, a south pole ap- 
B 
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pears. Here then is a means of pre-determlning the north or south 
pole of a coil with reference to its winding and the flow of the cur- 
rent; with the hands of a clock a south pole, opposite to the hands of a 
clock, a north pole. (See Fig. 20.) 

Winding' Magnets 
It will now be understood that the method of obtaining two different 
poles in an electro-magnet becomes merely a question of connecting the 
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ends of the coils correctly. Pig. 21 shows two cores wound with a 
single layer of wire to exemplify the principle. Here all the elements 
of the ordinary magnet are foupd: two soft iron cores and the con- 
necting bar of soft iron, or keeper, with screws to hold the parts tightly 
together. The illustration shows that on both cores the winding is 
wound in the same way. This requires that the two end wires A and 
B be twisted together to give opposite poles at the ends of the cores. 
The coils of wire may be wound on sleeves, and then after soaking 
in melted paraffin or shellac slipped off, and put aside for future use. 
In thfs manner a great many coils can be prepared for magnets be- 
fore they are assembled. It is only necessary to see that when they 
are slipped on the cores the windings all begin at the same end. If 
the direction of the current is traced in the illustration given, it will 
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be seen that the polarity is indicated on the basis previously stated. If 
the coils of a magnet are not placed or wound so as to require the ends 
most conveniently connected to be brought together, then the only 
recourse Is to carefully trace the direction of the current, and connect 
the ends that will give opposite poles, even though wires are connected 
from the opposite ends of each coil. 

Unit of Ourrent 
The magnetic effect of a turn of wire through which a current is 
flowing has been utilized in arriving at the value of a unit of current. 
A whole turn of wire is not used, but only one centimeter. This cen- 
timeter length of wire forms an arc which constitutes part of a circle 
of one centimeter radius, as shown in Fig. 22. In other words, if a 
circle of wire is constructed of unit radius, and If only a unit length 
of this circle of wire is employed to carry a current, then when the 
current in this one centimeter of wire of one centimeter radius is 
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Bufficiently strong, it will exercise a magnetic force on a unit magnetic 
pole equal to one dyne. The current which is able to exercise a force 
of one dyne in a centimeter of wire of one centimeter radius upon a 
unit north pole placed at the center, is a current of 10 amperes. The 
absolute unit of current is thus not the unit commonly employed, but is 
equal only to one-tenth of the absolute unit and called one ampere. 

The development of. a mathematically exact quantity of force by 
every equal length or portion of a wire carrying a current of uniform 
strength, is one of the fundamental propositions of magnetism. 

Laws of Blectro-magnetiBm 

In practical work it is possible to calculate with the greatest accu- 
racy results in electro-magnetism by using a simple law embracing all 
of its applications. In order to fully grasp the idea it represents it is 
necessary to know the meaning of the constituents by which it is pre- 
sented for practical use and through which the relationship between 
the parts of an electro-magnetic circuit are best understood. 

The electro-magnet consists of a coil of wire carrying a current and 
either possessing a core of iron or not, as the circumstances require. 
It will be understood that the production of magnetism depends upon 
the number of loops of wire carrying a current It is also evident that 
not only are the number of loops to be considered, but the strength of 
current they carry as well. Hence, the greater the number of turns or 
loops of wire and the greater the current in these turns, the greater 
the magnetic effect produced in total. It is customary to speak of the 
loops of wire as turns and the combination of current and turns as 
ampere-turns. From a purely physical standpoint the "magnetism 
producing" elements of an electro-magnet are the ampere-turns. These 
are obtained by multiplying the turns of wire composing the magnet 
by the amperes passing through, the total representing ampere-turns. 
For instance, if an electro-magnet consists of 1000 turns carrying a 
current of 10 amperes, the ampere-turns = 10 X 1000 = 10,000. If the 
turns are 1000 and the current is decreased to 1/10 ampere, then 
the product equals 1/10 X 1000 = 100 ampere-turns. If, for example, 
there are 10,000 turns and 1 ampere, or 1 turn and 10,000 amperes, 
then in either case the total ampere-turns equal 10,000, which means 
that the magneto-motive force is the same. A graphical illustration 
of the relation between number of turns, amperes, and lines of force 
is shown in Fig. 23. 

In calculating the magneto-motive force, the- ampere-turns are mul- 
tiplied by 4t giving as the total value 4imc where x = 3.1416, n = 
turns, c = amperes. For instance, the magneto-motive force of a coil 
of 1000 turns carrying 10 amperes is equal to 4 X 3.1416 x 10 X 1000, 
= 125,664. 

If the current is reduced the magneto-motive force is reduced cor- 
respondingly, and the power of the coil to force magnetism through 
an iron bar is also reduced. 
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The magneto motive force, therefore, bears a distinct relation to the 
ampere-turns required to force magnetism through a bar of iron. If 
the bar is long it would require more magneto-motive force to pro- 
duce a certain number of lines of force throughout than if the bar 
is short. In other words, the dimensions of the iron bar, its length, 
breadth and thickness, will have to be considered in conjunction with 
the magneto-motive force in order to arrive at a clear and adequate 
idea of the conditions governing the development of a magnetic field 
produced by electro-magnetism. 

The law of electro-magnetism states that the magnetic flux is di- 
rectly proportional to the magneto-motive force and inversely propor- 
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iional to the magnetic reluctance. This can be represented in the fol- 
lowing form: 

Magneto-motive force 
Magnetic flux = 

Magnetic reluctance 

The magnetic flux and reluctance will each be treated separately and 
will be found to represent, respectively, first, the number of lines of 
force produced, and, secondly, the conditions through which the mag- 
neto-motive force must operate to produce the magnetic flUx. These 
conditions consist of the dimensions of the space or material through 
which the magnetism is being produced and the permeability of the 
material magnetized. 

Magnetic Reluctance and Permeability 
The reluctance of a material to be magnetized calls for a greater or 
less magneto-motive force to produce a given magnetic flux, the same 
as the greater the resistance of an electric circuit, the greater the 
electro-motive force required to send through it a current of given 
strength. The reluctance of any magnetic circuit consists of four 
items, three of which are dimensions and the fourth is the peculiarity 
of the material called permeability, which has already been referred 
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to in the previous chapter. The dimensions are naturally the length, 
breadth and thickness, or the length and cross-section of the materia! 
undergoing magnetization. 

Permeability, as previously mentioned, is the ratio between the lines 
of force in iron and the lines of force in air. 

Lines of force in a magnetized bar 

Permeability of iron = . 

Lines of force without iron 

For instance, if the magneto-motive force of a coil carrying a certain 
current produces 10,000 lines of force in air, which when a bar of iron 
is inserted increase to 10,000,000, then the permeability or multiplying 
power of the iron can be represented by the ratio of 10,000,000 to 10,000, 
or 

10,000,000 

Permeability = = 1000. 

10,000 

Many cases could be cited to illustrate the meaning of permeability in 
iron, steel or air which would disclose the fact that in the softer grades 
of iron like wrought-iron and mild steel the permeability is higher than 
in cast iron or any of its modifications. 

As stated in the previous chapter, air is taken as a standard of perme- 
ability and is called 1. In comparison the magnetizable metals rate 
very high and range according to the following schedule as regards 
their permeability: 

Air 1 

Cast Iron 800 

Mild Steel 2,000 

Wrought-iron 3,000 

The result of a lower permeability is less lines of force when the same 
magnetizing force is employed by means of a coil. This idea can be 
well represented by making three bars of cast iron, wrought-iron and 
steel, of exactly the same dimensions, and placing them in three coils 
of the same number of turns and supplied with exactly the same cur- 
rent apiece, as shown in Fig. 24. This would give the same magneto- 
motive force to each coil and the same dimensions to each magnetizable 
bar; the only difference would be found in the different permeabilities 
of the metals respectively. 

Formulas and Examples 

The law that the magnetic fi-ux is proportional to the magneto-motive 
force and inversely proportional to the reluctance can now be repre- 
sented symbolically as follows: 

M 

F = ~ 

R 

in which F = flux, M = magneto-motive force, and R = reluctance. 

If the magneto-motive force is expressed by 4irnc and the permeability 
ts represented by the Greek character fi, then the flux can be calculated 
by the following formula which presents exactly the same proposition 
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but has a symbol for all the elements which compose a problem of this 
kind: 

4XirXnXcXMX<Z 



Lines of force 
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in which ivn c = magneto-motive force, 

/* = permeability, 

gr = cross-section of iron in square centimeters, 

I = length of iron in centimeters. 
To show the application of the formula, suppose a coil has 500 turns 
and carries 2 amperes. The Iron has 10 square centimeters cross sec- 
tion and is 20 centimeters long, with a permeability at that point of 
magnetization of 1000; how many lines of force will be produced? 
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ELECTRO-MAGNETISM 
4 X 3.1416 X 500 X 2 X 1000 X 10 



25 



= 628,320. 



10 X 20 

The formula can be transformed to suit the requirements of the 
English system by making every centimeter equal to 0.4 of an inch, or 
1 inch equal to 2.5 centimeters, and every square inch equal to 6.25 
square centimeters. 

The formula just given may be written as below: 

4 imc 
Lines of force = . 



10 TURNS 1000 LINSS 
OF FORCE 
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no*. 26. The Bfltoet of Reduced Reluotaaoe 
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Here the m and q have been placed in the denominator to constitute 
what is called the reluctance, thus giving as the elements of the for- 
mula: 

Magneto-motive force z=i^vnc 

I 
Reluctance = 

The factor 10 in the denominator reduces amperes into absolute units 
of current which are equal to 10 amperes. If 10 amperes were em- 
ployed in the coil only 1 absolute unit of current would appear in the 
formula. It is clear from the formula that if the reluctance becomes 
less, the lines of force will increase with the magneto-motive force re- 
maining the same. If the reluctance increases, the lines of force di- 
minish if the magneto-motive force remains the same. Fig. 25 graphi- 
cally illustrates the effect of reduced reluctance. If the formula for 
the reluctance is examined it will be found that the reluctance can only 
be increased by increasing I or the length of the magnetic circuit, or 
decreasing m or q, the permeability and cross-section of the circuit. 
On the other hand, the formula, as given, shows that a great magnetic 
reluctance can be compensated for by increasing the magneto-motive 
force. 

Winding Magnets 

The winding of magnets is accomplished by considering first the num- 
ber of lines of force per unit of area of cross-section and, secondly, the 
number of ampere-turns required to produce a uniform magnetic con- 
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dition throughout the iron, steel or air under process of magnetization. 
The number of lines of force per square inch of cross section is the 
basis of most estimates made in this direction. The estimates of the 
amount of magnetism produced from a magnetic circuit first became 
accurate through the application of the method of John Hopkinson, an 
English scientist and engineer. 

This method consists of the division of the magnetic circuit into its 
separate parts, such as the cast iron, the wroughMron and the air-gap. 



CAST IRON 



WROUGHT 
IRON 



WROUGHT 
IRON 



CAST 
IRON 




CAST 
IRON 



AIR GAP 



AIR GAP 
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Flff. 26. Diasrraxnmatlcal View of the Essential Parts of a Dynamo 

Each part carries a certain number of lines of force per square inch 
and has a certain length. In other words, it is necessary to provide a 
certain magneto-motive force for each distinct part of the magnetic 
circuit. All of these magneto-motive forces are added together in the 
shape of a sum total of ampere-turns constituting the field winding. 
Thus two processes are necessary: First, that of obtaining the total 
magneto-motive force, and, second, that of obtaining the correct wind- 
ing, size of wire, etc. 

To illustrate the idea involved in the application of the Hopkinson 
method, take the case of a dynamo, which, as seen in Fig. 26, repre- 
sents a magnetic circuit composed of many parts — the keeper, of cast 
iron, the magnet cores of wrought-iron, the pole pieces of cast iron, the 
armature core of wrought-iron, and finally the air-gap lying between 
the armature core and the pole pieces. The problem from an every- 
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day practical standpoint is that of finding the total number of ampere- 
turns required to force a given number of lines of force through the 
armature core from pole piece to pole piece. In order to do this, as 
stated before, each individual part of the magnetic circuit must be pro- 
vided with sufficient magneto-motive force to develop in it the amount 
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of magnetism or number of lines of force required to establish this 
result. 

Suppose, for purposes of illustration, that in order to send 100,000 
lines of force per square inch through wrought-iron, it takes 92 am- 
pere-turns per inch of length. Then, if the bar is 20 inches long and 
of 1 square inch cross-section, as shown in Fig. 27, and carries 100,000 
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lines of force, the number of ampere-turns required would be equal to 
20 X 92 = 1840, to produce the induction, as it is called, per square 
inch. If a magnetic circuit of the same material, the same length, but 
four times the cross-section, as shown in Fig. 28, is considered, then 
the fact to be remembered is this — that here the length of the magnetic 
circuit has not changed and therefore the magneto-motive force will 
not be any greater than in the first case; but the cross-section of the 
iron being four times as great means a magnetic reluctance of one- 
quarter and, therefore, four times as many lines of force in consequence. 
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The same number of ampere-turns would be required for either bar 
of wrought-iron because the length and quality of the iron of each is 
the same. Now it does not make much difference whether these am- 
pere turns are placed along the whole length of the bar or at one por- 
tion of it. The total number required in this particular case is 1840 
to produce 100,000 lines of force per square inch throughout the bar. 
The bar might have a cross-section of 100 square inches; if it has the 
same length the same number of ampere-turns will be required to give 
every square inch of its cross-section an induction of 100,000 lines. 
The important part is to provide the required number of ampere-turns 



"^» 



Flff. 29. The Mean Path of the 
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per inch length. This number, for different grades of iron or steel, 
can be obtained from curves or tables. A very important table of this 
character, prepared by A. E. Wiener, is given on page 30 for the uses 
indicated, namely, the calculation of the ampere-turns of any magnetic 
circuit of any material in ordinary use. 

The Hopkinson method requires a determination of the following 
factors: 

1. — Lines of force per square inch in cast-iron keeper and the cor- 
responding ampere-turns per inch length. 

2. — Lines of force per square inch in wrought-iron cores and the cor- 
responding ampere-turns per inch length. 

3. — Lines of force per square inch in cast-iron pole pieces and the 
corresponding ampere-turns per inch of mean length. 
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4. — Lines of force per square inch in wrought-iron armature and the 
corresponding ampere-turns per inch of length. 

5. — Lines of force per square inch of air gap and the corresponding 
ampere-turns per inch or part of an inch of length. 

The selection of the mean path through the parts of a dynamo is 
shown by the dotted lines in Fig. 29. After getting the total ampere- 
turns for each part of the dynamo the following schedule is arranged: 

Ampere-turns for magnet cores 1000 

Ampere-turns for keeper 200 

Ampere-turns for pole pieces 300 

Ampere-turns for armature core 100 

Ampere-turns for air gaps 2400 

Total ampere turns , 4000 

With the total ampere-turns found, the next step is to find the proper 
size of wire as called for by the electromotive force of the armature 
which supplies the field winding. 

Formula for Size of Wire 

The simple formula employed for finding the size of wire to use calls 
for a knowledge of the total ampere' turns, the volts to be applied to 
the terminals of the coils, and the average or mean length of one turn. 
This last is obtained by taking the diameter of the magnet core and 
adding to it the anticipated depth of winding in inches. Between these 
two an average is obtained and multiplying by w gives mean length 
of one turn. The size of wire is given by its area in circular mils. 

Total ampere-turns X mean length of turn 

Circular mils= . 

1.106 X volte of coil 

In the case of a dynamo whose total ampere-turns equal 4000, the 
mean length of a turn equals 12 inches, the size of wire required 
equals the following at 110 volte: 

4000 X 12 

= 395 circular mils = No. 24 B. ft S. gage, approx. 

1.106 X 110 

Allowing 1000 circular mils per ampere gives a current of approx- 
imately 0.4 of an ampere. Dividing the totel ampere-turns already 
decided upon (4000) by 0.4, gives the number of turns as 10,000; as 
each turn is one foot, there are approximately 10,000 feet of wire. 

The temperature of the coil must also be considered, because the 
greater the amount of power dissipated in the coil in the form of heat, 
the higher ite temperature becomes. This will destroy the coil unless 
regulated by the outer surface of the coil iteelf and the depth of wind- 
ing. A simple formula gives the temperature in degrees Fahrenheit to 
which a coil will rise when two things are known, the power (watts) 
wasted in the coil, and the number of square inches of radiating surface 
of the coil. 

To obtain the power wasted in heat in the coil, the resistance of the 
wire in ohms must be multiplied by the square of the current. For in- 
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UNIT MAONSTO-MOnVB FOBCB8 

Ifacnetic Ampere-tnnw per Inch Ijmngth 

Density, 

Lines of Cast Iron 

Force per Annealed Containing 

Square Norway Soft 6.5 of Cast Iron 

Inch Iron Cast Steel ICitisIron Ahuninom (oi^inaxy) Air 

2,500 1.2 2.0 2.5 7.0 9.0 783 

'J^OOO 1.7 2.8 3.4 9.6 13.0 1,566 

7,500 2.1 3.4 4.0 11.6 16.0 2,350 

10.000 2.2 3.7 4.4 13.5 18.5 3,132 

12,500 2.4 4.0 4.8 15.7 21.3 3,916 

15,000 2.7 4.3 5.2 18.2 24.1 4,700 

17,500 3.1 4.6 5.6 21.0 27.1 6,488 

20.000 3.5 5.0 6.0 24.0 30.5 6,266 

22,500 4.0 5.4 6.5 27.2 34.5 7.050 

25,000 4.5 5.8 7.0 31.0 39.0 7.833 

27,500 5.0 6.2 7.5 35.5 44.0 8,616 

30,000 5.5 6.6 8.1 41.5 50.0 9,400 

32,500 6.0 7.1 8.7 47.5 57.0 10.162 

35.000 6.5 7.6 9.4 54.0 65.0 10,966 

37,500 7.0 8.2 10.1 62.0 76.0 11.750 

40,000 7.5 8.8 10.9 72.0 88.0 12,532 

42,500 8.0 9.4 11.7 83.0 101.0 13,315 

45,000 8.5 10.1 12.6 95.0 116.0 14,100 

47,500 9.0 10.9 13.6 110.0 136.0 14,882 

50,000 9.6 11.8 14.7 128.0 . 160.0 15.665 

52,500 10.3 12.8 15.9 149.0 189.0 16,450 

55,000 .11.1 13.9 17.3 173.0 222.0 17,233 

57,500 12.0 15.1 19.0 200.0 260.0 18,016 

60,000 13.0 16.2 21.0 230.0 295.0 18,800 

62,500 14.2 17.8 23.2 263.0 340.0 

65,000 15.7 19.3 25.6 300.0 400.0 

67.500 17.5 20.9 28.5 345.0 470.0 

70,000 19.6 22.7 32.0 400.0 570.0 

72.500 22.0 24.7 36.0 460.0 700.0 

75.000 24.7 27.0 41.0 525.0 

77,500 27.7 30.0 47.0 600.0 ! 

80,000 31.2 34.0 54.0 700.0 

82,500 35.2 39.0 62.0 !.!!..' 

85,000 39.7 44.0 70.0 .,,[.. 

87,500 44.7 50.0 80.0 '. 

90,000 50.7 57.0 92.0 ...!.. 

92.500 58.0 68.0 109.0 

95,000 67.0 75.0 131.0 ....'.. 

97.500 78.0 86.0 150.0 

100,000 91.0 100.0 193.0 

102,500 108.0 121.0 245.0 ....*. .,.,.. 

105,000 137.0 159.0 283.0 

107.500 190.0 227.0 345.0 ,. ... 

110.000 290.0 325.0 410.0 . ..., 

112.500 398.0 430.0 500.0 

115,000 500.0 550.0 600.0 

117,500 600.0 650.0 700.0 ...!/. 

120.000 700.0 750.0 800.0 ...!! ..... 

122.500 800.0 850.0 

125,000 900.0 950.0 ' ' .' 
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stance, in the coil referred to in Illustrating the winding formula, 
there are 10,000 feet of Xo. 24 wire. This wire has a resistance of 
about 26 ohms per 1,000 feet, or a total of 26 X 10 = 260 ohms. The 
current this coil carries is equal to its circular mils divided by 1,000, or 

circular mils 

Current in coil = = 0.4 amperes, as found previously. 

1000 

The number of watts wasted are equal to: 



Ohms X amperes = 260 X 0.4 X 0.4 =3 41.6 watts. 

Temperature Formula 
The formula for calculating the temperature is as follows: 

100 X watts wasted 
Degrees F. = - 



sq. in. of radiating surface 
The watts wasted in this case are approximately equal to 41, and if 
the square inches of radiating surface equal 100, the total rise of tem- 
perature in degrees F. would be 

100 X 41 
Degrees F. = : = 41 degrees. 

100 

This is not an excessive temperature rise and can be allowed. 

The important point is the influence of an increase or decrease in the 
radiating surface upon the temperature of the coils. The amount of 
heat generated in a coil due to the resistance and current is about con- 
stant under ordinary circumstances. If the means by w,hich this heat 
can escape are limited the temperature rises. On the other hand, if 
the radiating surface of the coil is large, the heat readily escapes' and 
the temperature may remain constant. The problem is largely one in 
physics, where the* heat is limitecT in quantity but the surface through 
which the heat escapes can be made larger or smaller, in which case 
the temperature drops or rises. If, for instance, the heat of a candle 
is concentrated at a point, that point would rise to a very high tem- 
perature. On the other hand, the heat, if imparted in its entirety to 
a large body of large radiating surface, would produce but a low tem- 
perature. The temperature of the body, therefore, is as much a ques- 
tion of the radiating surface, its character and extent, as of the 
amount of heat it has absorbed. In the case of a coil, the temperature 
should not rise much above 100 degrees F. If the coil develops a 
temperature of its own of 41 degrees and the surrounding air is at 60 
degrees, then the total temperature would be 60 + 41 degrees or 101 
degrees. If a coil of this kind is used in a place unduly heated, or, if 
it be put into operation in the tropics, then the temperature of the 
coil would become excessive. The surrounding atmosphere must be 
considered in the design of magnet coils, particularly when they con- 
stitute parts of dynamos in use in engine rooms, where the tempera 



Digitized by LjOOQIC 



32 



No. 74'-Pf^J^^CIPLES OF ELECTRICITY 



ture is generally very high. The resistance of a winding is increased 
by Its own heat, and this to some extent cuts down the flow of current. 

The Maernetization Curve 
The curve which shows the internal condition of the iron is called 
the magnetization curve. It is obtained by plotting a curve whose 
elements consist of ampere-turns per inch length and the number of 
lines of force they produce at each successive stage of magnetization. 
Such a curve is shown in Fig. 30. The value of such a curve in prac- 
tical work is easily seen when the rise and direction of the curve is 
noted. The rapid rise of the curve with a very small magnetizing force 
shows how sensitive the iron is to magnetic influences when its re- 
luctance is low and its permeability high. The result is a curve which 
rises with a slight inclination and then begins to bend. The bend of 
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the curve indicates a distinct change in the permeability and conse- 
quently the reluctance of the iron. Following the curve for a short dis- 
tance it is seen to bend with a greater and greater tendency to the hor- 
izontal plane, and, when reaching a horizontal direction, it begins to 
move constantly in this direction. At the critical point, where the 
bend originally begins, it will be noted that a given magnetizing force 
in ampere turns does not produce the effect it did before. In fact a 
little beyond this point it takes a comparatively great magnetizing force 
to produce a little additional magnetic field. This point is called the 
saturation point and is considered in practice the economical point at 
which to operate the iron. Beyond this point magnetism is obtained 
at too great an expense in wire and power. It is about 100,000 lines 
of force per square inch for wrought-iron and about 80,000 lines of 
force per square inch for mild steel, of which two metals the majority 
of dynamo cores are made. 

In the curve the base line represents the ampere turns per inch 
length, and the vertical line, the magnetic lines per square Inch of 
cross-section. 
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ELBOTROPLATINa 

Electrolysis is a department of electricity which treats of the effect 
of a current upon a chemical compound. By this is meant, that water, 
for instance, will succumb to the influence of electricity and be divided 
into its actual constituents, the two gases oxygen and hydrogen. The 
same is true of many other forms of chemical combinations. The action 
of a current is said to decompose the original body, and overcome in part 
or wholly the chemical afllnity which exists between the elements of 
which it is composed. It is impossible to pay the proper attention to 
the effect of a current upon a solution within which are placed elec- 
trodes, unless the modem aspect of this branch of practical science is 
correctly presented. It must, therefore, be stated that the chemical 
theory previously accepted has been supplanted by the electro-chemical 
theory, and this theory is based upon the assumption that all elemen- 
tary forms of matter possess charges of electricity. 

Such a conclusion was necessary on account of the quality of valency 
possessed by atoms and molecules. By this is meant the peculiar 
choosing power, of oxygen, for instance, for two atoms of hydrogen, 
or of hydrogen for chlorine, etc. In other words, the elements, when 
in the form of atoms, have strange likes and dislikes which manifest 
themselves in the form of certain affinities for each other. Through 
these fixed affinities, the elements form chemical combinations, as in 
the case of water or acids. This choosing power inherent in the atoms, 
given by chemists the name of valency, is by the electro-chemist, at- 
tributed to varying charges of electricity. Thus the combination of 
oxygen and hydrogen is due to the electrical attraction of oxygen for 
hydrogen. On this basis, either one or the other must have a positive 
or negative charge. This charge, if powerful enough to form so in- 
timate a combination, must be highly concentrated, because of the ex- 
ceedingly small dimensions of the atoms and molecules themselves. In 
the case of water, it is a well-known fact that a current of electricity 
will decompose it into oxygen and hydrogen; and the curious phe- 
nomenon presenting itself under these circumstances will be that of 
the oxygen always clinging to the positive pole of the battery and the 
hydrogen to the negative. Placing two copper plates in a slightly 
acidulated solution, connected to a source of electricity, as shown in 
Fig. 31, will demonstrate this principle. The great mass of bubbles 
at the negative pole will serve to prove that twice as much hydrogen 
as oxygen is evolved. As water contains two atoms of hydrogen to 
one of oxygen, the quantity of the gases collected is in harmony with 
this proportion. As far as the practical application of this principle 
is concerned, the amount of gas evolved by this process can be cal- 
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culated with mathematical certainty. Not only is this true, but if 
the two poles of a battery, which when employed for electrolytic work 
are called electrodes, are used in connection with a metal salt solution, 
such as water and sulphate of copper, a coating of copper will be de- 
posited upon the negative electrode, the quantity of which also can be 
estimated beforehand with the greatest accuracy. The estimates made 
in the case of the gas refer to the quantity of it which will be evolved 
per unit of time. In the case of the copper the same holds true. In 
both cases certain values must be known: 



The strength of the current in amperes. 

The time in seconds during which the current flows. 
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The two battery terminals, called electrodes, are also named with 
reference to the poles they represent. The positive pole is called the 
anode, the negative pole the cathode. 

The GrotthuH Hypothesis 

According to the hypothesis framed by Grotthus, when metals are 
being deposited, a curious transference of metal is taking place within 
the solution. Take, for instance, the case of copper being deposited 
from a solution of sulphate of copper, as indicated in Fig. 32. The 
chemical formula for copper sulphate Is CUSO4. This Is divided up 
into two groups of atoms, one of which Is positive and the other neg- 
ative. The sub-divisions are those of the copper on the one hand, and 
the oxygen and sulphur on the other, as follows: 

Copper (=Cu) moves toward the cathode. 

Oxygen and sulphur (== SO4) moves toward the anode. 

According to this Idea the electrolytic bath with the two electrodes 
Immersed is traversed by two streams of atoms, one going to one 
pole, and the other to the other pole. But according to the Grotthus 
hypothesis, the solution of copper sulphate and the two streams of 
traveling atoms act in a very Interesting manner toward each other. 
The solution of copper sulphate, for Instance, permits a copper atom 
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to leave the copper anode from which it has been electrically removed; 
it seizes it, but sends on its own atom of copper in place of the first 
to its destination, the cathode. The same process Is carried out with 
respect to the oxygen-sulphur molecule. Thus the solution acts as an 
intermediary, whose strength will remain unaffected as long as the 
anode replenishes the lost atoms. An exchange goes on continually, 
with the result that the copper anode will gradually become lighter 
and its metallic equivalent will be found at the cathode, or on the ob- 
jects placed there to receive it. These two oppositely moving streams 
of electrified particles have been designated streams of ions. If the 
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anode is of a neutral metal, for instance, or of carbon, then the so- 
lution used in this experiment will continually weaken. 

The Electro- chemical Bquivalent 
The carriers of electricity being the ions, it may be questioned 
whether or not these ions carry equal quantities of electricity in the 
electrolytic experiment. To satisfactorily settle this question, a series 
of baths of silver solution, copper solution, etc., were prepared with 
electrodes of the proper character. The current sent into each was 
carefully measured, and the time during which this current flowed cor- 
rectly gaged. It was found that in each case different results were ob- 
tained, although the current was preserved at a uniform value. The 
amount of silver deposited, for example, was different from that of cop- 
per, etc. In other words, a broad principle was discovered, a prin- 
ciple which showed that each particular metal was unique in this re- 
spect, that its ions or charged atoms were each the carriers of only 
a specified amount of electricity which was different with every differ- 
ent form of matter tested. The metals, particularly, displayed such 
differences that a table was made, called the table of electro-chemical 
equivalents, giving the exact weight of metal carried over by one am- 
pere in a second. The table supplied herewith gives the name of 
the element, its atomic weight. Its valency, its chemical equivalent, 
and its electro-chemical equivalent. 
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The definition of the electro-chemical equivalent of a metal is aa 
follows: The weight of the metal in grams carried over by one coulomb 
of electricity, that is, one ampere-second. On this basis, the weight 
of any metal, such as gold, silver, copper, lead, etc., carried over by a 
certain current in a certain time, can be readily ascertained by a sim- 
ple calculation. 

Calculating the Weight of Metal Deposited 
In practical electroplating the Judgment and experience of the plater 
is employed to its fullest extent in the determination of the amount of 
metal deposited on an object being plated. The weight of metal can, 

TABUI OF KAOTBO.OHBiaOAl. ■QUFVAUDTTB* 



ElemenU 


Atomic 
Weislit 


Valency 


Chemical 
Equivalent 


Electro-chemical 

Equivalent 

in Grama per 


Electro-positive 
Hvdrotcen 


1 
89.08 
28 
196.2 
107.67 
68.18 
199.8 
117.8 
55.9 
58.6 
64.9 
206.4 

15 96 
85.87 
126.54 
79.76 
14.01 


1 
1 
1 
8 
1 
2 
2 
4 
8 
2 
2 
2 

2 

1 
1 
1 
8 


1 
89.08 
28 
65.4 

107.67 
81.59 
99.9 
29.45 
18.64 
29.8 
82.45 

108.2 

7.98 

85.87 

126.54 

79.76 

4.67 


0.000010884 

0.0004058 

0.0002888 

0.0006791 

0.0011181 

0.0008281 

0.0010874 

0.0008058 

0.0001985 

0.0008048 

0.00088696 

0.0010716 

0.00008286 

0.0008678 

0.0018140, 

0.0008282 

0.00004849 


Potassium 


Sodium 


Oold 


Silver 


CoDDer 


„ r*^* 

Mercurv 


Tin„^.;::::::::::::: 


Iron 


Nickel 


Zinc 


Lead 


Electronegative 
Oxvfiren 


Chlorme 


Iodine 


Bromine 


Nitrogen 





*From &• P. Thompeon'a "Electrieitgr and Masnetiam." 

however, be calculated from a knowledge of the time in seconds and 
the strength of the current in amperes, as follows: 

Weight in grams == weight per second per ampere X current in am- 
peres X time in seconds. 
Reduced to symbols, the formula reads: 
W = E XC xT 
in which W = weight of metal deposited in grama» 
C = current in amperes, 
T = time in seconds, 

^ = the electro-chemical equivalent (that is, the weight of 
metal due to one ampere in one second, or one coulomb.) 
To illustrate this formula, suppose a current of 100 amperes is em- 
ployed for copper plating for 100 hours; then as the electro-chemical 
equivalent of copper is 0.0003281, as given in the accompanying table. 
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the total weight of copper deposited would be 0.0008281 X 100 X 3600 
X 100 = 11,812 grams = 11.8 kilograms = 26 pounds of copper. 

In the above calculation the 3600 is the number of seconds in one 
hour. In Fig. 33 is shown how this calculation may be checked by 
a practical experiment. 

Anlona and CathionB 

The atoms carried forward to the negative plate or cathode are 
called cathions and those passing the anode are called anions. The 
metals all move toward the cathode and are therefore termed cathions. 
The gas hydrogen also moves toward the cathode, and thus betrays the 
properties of a metal in an electrical sense. The anions are oxygen, 
chlorine and other elements moving toward the anode. This peculiar 
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qualification has led to the conclusion that the natural charge pos- 
sessed by atoms determines their position in the electrolytic bath as 
anions or cathions. The so-called anions, or ions with an attraction for 
the positive electrode, are regarded as negatively charged and are called 
"electro-negative." The cathions are positively charged, and called 
"electro-positive." This is the influence causing discrimination be- 
tween the ions for either anode or cathode in electrolysis. When copper 
plating is done the Cu and S0«, or copper and so-called sulphion, divide, 
the copper depositing on the cathode and the sulphion forming sul- 
phuric acid by combining with hydrogen giving HsSO^ and thus in- 
tensifying the acldulatlon of the solution. 

Electric Meters Based on Electrolysis 

The idea of employing an electrolytic meter to determine from the 
increased weight of the electrode, the amount of current consumed 
by customers. Is based entirely upon the electro-chemical equivalent. 
The original Edison Illuminating Company of New York used thou- 
sands of zinc sulphate meters, composed of two electrodes of zinc in a 
zinc sulphate solution, and receiving a shunted current from the cus- 
tomer's mains, as shown in Fig. 34. Each month the meters were re- 
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placed by new ones and the added weight of the cathodes of the old ones 
carefully ascertained. The number of ampere-hours were thus de- 
termined on the basis of the electro-chemical equivalent. The final 
estimates were based upon the number of milligrams of zinc deposited. 

The Deposition of Metals 

The general process of depositing metals by means of electricity has 
developed into an industry represented by several distinct branches. 
Each of them is of importance in the commercial world and covers 
the following fields: 

1. Electroplating. 

2. Electrotyping. 

3. Electro-metallurgy. 

E0I9ON SHUNT 




Maehinwr^, N,Y. 



Fiff. 34. Th« PiinotpM of tti« Bdtaon Meter ibr El«otrto Onrrent 
baaed on the Deposition of Metal 

Electroplating might be defined as a process in which a thin layer 
of metal, such as copper, nickel, gold or silver, is deposited from ap- 
propriate solutions calldd plating baths, upon some other metal, by 
means of electricity. The thickness of metal deposited Is carefully 
gaged In the case of those metals that are termed precious, as gold 
and silver, and in consequence expressions are used such as triple or 
quadruple plate, etc. 

The process of electrotyping is employed In all printing and publish- 
ing houses in connection with the duplicates of photo-engravings, used 
so extensively in this class of work. An electrotype is the exact dupli- 
cate, or as some term it, facsimile of such master cuts or engravings 
as would be worn out by use In printing. These fac-similes are ob- 
tained by a plating process, although certain Important preliminary 
processes are necessary. The name was probably derived from the 
practice of taking a wax impression of type and plating this Ihipres- 
sion with copper — ^hence the term electrotype. 
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The refining of copper and other metals cannot be better done than 
by means of the electric current. Instead of delicate preparations be- 
ing made for the deposit of a thin film of metal, as in electroplating 
and electrotyping, the current is utilized for the purpose of separating 
the pure metal from all impurities and depositing it in thick plates at 
the cathode. The anode would therefore be the crude ore, probably in 
the shape of a block, dipping of course in the correct solution. It is evi- 
dent that this process does not differ essentially from either of the 
two previously mentioned, although the skill required in each case is 
of an entirely different character. The last process is associated with 




>/>»i i i/ 



^ 



JfocMfMfV.iVir* 
Flff. 80. Kleotro-pl*tlnff of BmaU Artlolea 

mining plants, particularly of copper ore, while both electrotyplng and 
electroplating are fine arts. 

Principles of Plating 
The principles of plating embrace questions of correct current, elec- 
tromotive force, solution, and certain preparatory processes. In other 
words, the current must not be too strong, and in addition the electro- 
motive force must be capable of carrying the metal over. Cleanliness' 
is an important item in this process, as the presence of oil or grease 
in any form will prevent the cathode from receiving its proper coating. 
The principal requirements of plating can therefore be best defined as 
follows: 

1. Current of the proper strength per unit area of cathode. 

2. Voltage suitable for the metal to be plated. 

3. A solution electrolytically correct for the deposition of the metal. 

4. A perfectly free surface at the cathode, with no traces of oil or 
grease. 

5. A uniform current and electro-motive force. 

In all arts, human skill, which is the direct result of extensive ex- 
perience, is rarely if ever limited in its exercise by set rules. In elec- 
troplating, skill of this character has developed to a high point, and 
it may be considered as relating to two important features of the work 
as follows: 
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1. Skill In the mixing and preparation of solutions. 

2. Skill in the adjustment of the amperage and voltage employed. 
The dynamo has displaced the battery in the art of plating and elec- 

trotyping, though small equipments can be purchased which are only 
operated by a few cells. A shunt-w^ound dynamo is generally employed 
the voltage of which can be varied from 10 or 12 volts to 3 or 5 by 
means of a rheostat in circuit with the field winding. By this means 
the pressure can be adjusted to suit the metal to be plated. 

The plating solutions mostly used to-day are gold and silver, copper, 
nickel and brass solutions. The basis of these solutions are metallic 
salts manufactured with reference to the object in' view and therefore 
called plating-salts. 

Copper Plating Solution 

Too great a density in the copper solution must be avoided, or the 
deposit will be brittle and crumbling and in addition very slow in 
making its appearance. A strong, tough deposit is obtained by a cur- 
rent of about 15 amperes per square foot of cathode surface. This so- 
lution may be made up either acid or alkaline. If acid, the deposit 
cannot be had upon iron or any other metal affected chemically by the 
acid. The following is the method for preparing an acid solution as 
given in Urquhart's "Electrotyping": "Prepare a saturated solution 
of copper sulphate by pouring hot water on the crystals of nearly the 
bulk required; add to this for each gallon of solution, a quart of water, 
and finally stir in for each gallon of solution four ounces of sulphuric 
acid. In the preparation of the solution It should be noted that by 
'saturated' solution is signified that state of the liquid when it will not 
dissolve any additional salt. The crystals may be dissolved in a sepa- 
rate vessel and then poured into the depository trough, or the trough 
may be nearly filled with warm water and the crystals dissolved into It 
from a few muslin bags suspended in the liquid. The water used must be 
either distilled or filtered or at least the solution filtered when com- 
plete. This solution is well adapted for most purposes of the electro- 
typer, and has been tested repeatedly. It will deposit well upon metals 
or upon blackleaded moulds, and will be found to dissolve the anode 
freely when the current is passing. Some electrotypers use a large per- 
centage of sulphuric acid, but this is seldom required except in very 
cold weather." 

An alkaline copper solution suitable for deposits upon iron, zinc or 
pewter, quoted from the same source, is as follows: "Prepare a solu- 
tion of copper sulphate, and also one of cyanide of potassium; add ihe 
latter to the former when a copious deposit of copper cyanide will 
take place. The liquid should be poured ofT and the residue washed, 
when it may be finally dissolved in a fresh solution of cyanide of potas- 
sium (two pounds to the gallon), to form the depositing liquid. As 
the cyanide of copper is not freely soluble in the potassium cyanide. 
It should be desolved to saturation. Free cyanide should be afterwards 
added to the extent ot two ounces per gallon. This will promote rapid 
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working, but there is also a stronger tendency to give off hydrogen at 
the cathode, the deposit at which may contain large quantities of gas. 
This solution works best at a temperature of 100 degrees F." 

Nickel Solution 

The double nickel salts are generally purchased in commercial form 
ready for solution according to these directions: ''Dissolve the com- 
pound in hot water to saturation; afterwards dilute with water. The 
proportions are three-quarters of a pound of salts to one gallon* of 
water. The solution should be neutral or nearly so, that is, neither 
acid nor alkaline. To ascertain this, test it with blue litmus paper; if 
the paper turns red increase the alkaline by adding ammonia sulphate. 
If red paper be turned blue, increase the acid by adding nickel sulphate 
until the mixture is as nearly as possible neutral. If there is a ten- 
dency to either side in working, it is better to have it alkaline." 

Braes Solution 

The method of making brass solution, the components of which are 
copper and zinc salts, is given by the following formula: "Dissolve 
in 1000 parts of water, 25 of copper sulphate, and 25 to 30 of sulphate 
of zinc; or 12% of acetate of copper, and 12% to 15 of fused chloride 
of zinc. Precipitate the mixture by means of 100 parts of carbonate of 
sodium dissolved in plenty of water and stir the mixture. Wlash the 
precipitate several times by adding water to it, stirring and allowing 
the precipitate to subside, pouring the clear liquid away. Add to the 
. washed precipitate a solution composed of 50 parts of bisulphide of 
sodium dissolved in 1000 parts of water, and while stirring, add a 
strong solution of ordinary cyanide of potassium until the precipitate 
is Just all redesolved; then add three parts of free cyanide. This 
solution is used warm or hot. A current of about 12 volts must be 
employed, and an anode of brass. When the deposit is white it can be 
attributed to too strong a current, and if the deposit is red it is due 
to too weak a current. It is a simple matter to experiment with a 
small bath of solution, and a small anode and cathode, before attempt- 
ing heavier work. A strong deposit of brass is a very handsome form 
of plating, which wears well and is not very difficult to obtain." 

Slow Deposits and Unclean Anodes 

The slow rate of deposit observed in plating is due to the employ- 
ment of a weak current. This is frequently the case when an attempt 
is made to get a deposit upon a black lead surface. In this case the 
resistance is naturally very great, and in consequence, very little cur- 
rent passes. The remedy for this is a higher pressure, the use of which 
will hasten the process of deposition. 

Absolute cleanliness is a guarantee of success in plating or electro- 
typing, and the reverse simply invites failure. Unclean anodes, on 
the surface of which dirt and oil or grease may be present, will greatly 
interfere with the work of plating. Some of this dirt, which is called 
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by a certain philosopher, "matter in the wrong place," has been an- 
alyzed by a chemist and found to consist of particles of a great many 
different kinds of metals in the proportions in one particular instance 
of tin, 33; copper, 9; antimony, 9; arsenic, 7; silver, 4; sulphur, 2; 
and nickel, 2. A certain amount of organic matter also was found 
present, which militated against successful plating. Thorough clean- 
sing is the effective means of disposing of this, such as washing in an 
alkaline bath. 

Electrotypes of Coins or Medals 

The surface of a coin or medal to be electrotyped is put through a 
preparatory process by first varnishing the back with beeswax or some 
rapidly drying insulating solution. The face to be plated must be 
cleaned thoroughly and then rubbed over with turpentine in which 
a little beeswax has been dissolved to avoid absolute adhesion between 
the electrotype and original. The use of small trays is recommended, 
with a connecting wire attached. These depositing trays hold the 
coin securely, and assure perfect contact between it and the cathode. 
When a dry, clean surface is first placed in the solution, the liquid 
may not take hold, due to a minute film of air on the surface. This 
must be removed by wetting the coin until the signs of this defect en- 
tirely disappear. 

The intaglio or impression of a coin in wax is obtained by cleaning 
it thoroughly, and then dusting its surface very carefully with plum- 
bago, leaving only a delicate film. It is then placed flat upon the wax 
plate of composition and pressure applied in the electrotyper's press. < 
If a good impression has been obtained, the surface is dusted over with 
plumbago, by means of a soft camel's hair brush. 

To obtain a conducting surface without the use of plumbago, the 
following formula is recommended: "Dissolve phosphorus in pure 
alcohol until a strong solution is obtained, and wash the mould with 
the mixture. A silver solution is prepared by dissolving nitrate of 
silver in aqueous ammonia to saturation. It is to be poured evenly 
over the surface of the mould, and allowed to float over it for a few 
minutes; the solution is poured off and the mould allowed to become 
partly dry, when it is again floated with the mixture. Spots that do 
not appear to take the solution readily must be wetted with it by 
means of a soft brush." A surface prepared in this manner is actu- 
ally covered with a film of precipitated silver, highly conductive, and 
by some considered far superior to the old-established plumbago proc- 
ess. 

The degree of saturation of the solution, and the strength of current, 
are always related to each other in a manner that can only be ascer* 
tained experimentally. Thus, if a saturated solution of copper is em- 
ployed, the deposit is crystalline. If the solution is diluted with from 
two to four times its bulk of water, the metal is deposited in a mal- 
leable state, and a still further dilution will invite deposits of a gran- 
ular character. A weak solution and a strong current will cause a 
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black, spongy coating to appear, associated with hydrogen bubbles. Un- 
der conditions which remain uniform, a definite deposit per second, 
per minute and per hour, is assured. An ordinary electrotype takes 
about five hours to become thick enough for service. 

Pewter vessels are first 6opper-plated before undergoing the gilding 
or silvering process. The process of gold plating requires the use of 
the salts called the double cyanide of gold and potassium, and silver 
plating the double cyanide of silver and potassium. In plating with 
either of these solutions, the above mentioned precautions are neces- 
sary as regards absolute cleanliness, etc. When silver is being plated, 
too heavy a current, which forces the deposition, will give rise to a 
gray and crumbling coating. Bisulphide of carbon in a minute quan- 
tity, will make the deposited silver bright if introduced into the solu- 
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tion. In gold plating, generally performed in the insides of silver 
plated utensils, as shown in Fig. 36, the gold solution is poured into 
the vessel, and a gold anode suspended in the center from the positive 
pole of the dynamo, the negative being attached to the article itself. 

Treatment of Plated Articles 

The two courses of treatment to which the electroplater subjects arti- 
cles undergoing plating may be classified as, first, that before plating 
for the purpose of securing electrical cleanliness, and second, that 
after plating in the nature of finishing. The following indicates this 
classification: 

Before plating: Article may be washed in water, pickled in acid 
or scoured in lye. 

After plating: Article may be scratched, buffed, polished or bur- 
nished. 

Although cleanliness is above all the primary consideration, it is 
only obtained with respect to the surface of the metal by the use of 
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vats of water, caustic soda and dilute acid. The surface of the article 
to undergo plating may have to be polished; it is then dipped In 
the hot lye solution to remove all traces of grease, then into the acid 
to remove any film of oxide present, and finally it is well washed in 
clean water. 

When silver plating, one of the most prevalent platings in vogue, the 
copper surface is treated with mercury to secure a good foundation. A 
diluted solution of nitrate of mercury is applied, which forms a metallic 
precipitate suitable for the rapid and effective deposition of silver. 

The scratching, bufilng and polishing of plated articles are purely 
mechanical processes. Their object is to remove metallic projections, 
smooth the entire surface, and finally to give the high finish looked 
for in plated articles. The scratching is done by means of a wheel 
of brass wire projecting radially, which when rotating at a high 
speed acts as an effective scratch brush. The bufllng is accomplished 
by the use of canvas wheels, composed of disks of canvas held at the 
center with the edges free. Buffing paste or powder is applied, and 
the marks of the scratching removed. The polishing is done by means 
of rouge or other fine polishing powders. The wheel may be of leather 
or walrus hide, by means of which a mirror-like surface- is readily ob- 
tained. 

Coloring Copper Surftbces 

A copper plating can be rendered artistic by the following means: 
To obtain a rich brown color, the object must be dipped into a very 
diluted nitric acid solution, and gradually heated. By this process any 
shade of brown can be reached, which will possess great permanency. 
A fine black finish can be obtained by dipping the article into a weak 
solution of platinum chloride. This shade may be regulated by the 
strength of the solution and time of dipping. 

Cause of Stripping or Peeling 

One of the reasons why a dip into an acid bath is so necessary, or, 
as it is called, why pickling is employed, is to remove the oxide film 
which settles upon the surface of many metals and acts as a partial 
conductor to the current. Even when the conductivity of the surface 
is good, still there is no intimate contact between the coating and the 
cathode. Such a plating can easily "strip," that is, be peeled off. The 
removal of the oxide by polishing or by chemical means will insure a 
good deposit of metal. The pickling is always preceded by the lye 
solution, which, if hot, removes grease, and after washing, the acid 
solution follows. 

Vats for Nickel Solution 

The nickel solution is frequently poured, after being made up, into 
wooden vats lined with lead. The lead Joints are not soldered but 
burnt together. Nickel can be deposited on copper, iron, brass and 
steel by a solution in which the crystals of the double sulphate of 
nickel and ammonium have been dissolved, according to the directions 
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previously given. The vats are about 3 feet wide, 6 feet long and 30 
inches deep, although the dimensions vary according to t^e work. 
Enameled vats are preferred by some platers because they possess 
strength, durability and insulating properties because of the coating. 
They are made of many sizes — from 1, 5, 10, 20 gallons, etc., up to 50 
or 100 gallons capacity. All vats must have a rim of wood around 
the upper edge raised above the vat proper. The copper rods support- 
ing the anodes and cathodes extend across, resting on this support. 

Silver Salts and Solution 

Effects of a most artistic nature are obtained by a proper handling 
of a silver bath in electro-plating. The silver salts may be considered 
as represented by the chloride, nitrate, cyanide, acetate, sulphide and 
oxide of silver. The cyanide of silver solution is used almost ex- 
clusively for silver plating and is made in the following manner: A 
solution of cyanide of potassium is carefully mixed, the prei>aration 
being made with well filtered or distilled water. A solution of nitrate 
of silver is also carefully prepared in the same way. The cyanide 
solution is then added slowly to the silver nitrate solution until a 
thick white precipitate is obtained at the bottom of the vessel. This 
white flocculent mass is washed with pure water several times until 
thoroughly cleansed. A new solution of cyanide of potassium is pre- 
pared and introduced gradually Into the precipitate. The result of this 
operation will be the redissolving of the white mass and a new solu- 
tion, to which is given the name "double cyanide of silver and potas- 
sium." 

Successful silver plating can only be accomplished by patience and a 
strict adherence to the rules of cleanliness. Extreme cleanliness with 
respect to the solution makes it possible to use the same solution for 
years, if it is occasionally filtered or a little new cyanide added to 
replace or strengthen the old solution, and make up for the losses due 
to evaporation. Besides the question of cleanliness, attention must be 
paid to the current. A rough, gray or black silver plating results from 
the use of too much current. 

Distance between Anode and Cathode 
If an object suspended from the cathode has many projecting parts 
presenting an irregular surface to the anode, there should be consider- 
able distance between the anode and cathode. The advantage of this 
is a more uniform distribution of the current and consequently a more 
uniform coating of silver. The edges are apt to take on a rough de- 
posit even under the best of conditions. The larger surfaces will 
plate very smooth and even unless very much curved. If the object 
being plated is curved, it will be best to use an anode curved as far 
as possible in the same manner to obtain a fairly uniform series of 
paths through the liquid. In the plating of pitchers, sugar bowls, etc., 
the plating is only successful when special care is taken in this respect 
The process of evenly plating statuettes or busts without destroying 
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their contour is also a question of preserving equal current paths be- 
tween them and the anode. 

Iron PlatinflT or Steel Faoinsr 
For the steel facing of electrotypes or other objects, a coating of 
pure iron may be deposited from a solution made up as follows: "To 
each gallon of water dissolve one pound of carbonate of ammonium, 
and dissolve iron into the solution by passing a strong current from 
an anode of iron until a deposit appears upon a clean copper cathode. 
A few ounces of carbonate of ammonium should be stirred into the 
bath once a week. The anode, which should be larg^ in proportion to 
the work, must be cleaned occasionally." Another solution employed 
for the steel facing of plates, and given by Urquhart, is made up as 
follows: "Prepare a solution of sulphate of iron, and another of car- 
bonate of ammonium. Add the latter to the former until the iron 
is precipitated; pour ofT the liquid portion and wash the precipitate. 
Take a bulk of sulphuric acid equal to the volume of the solution re- 
quired, and dissolve the iron precipitate in it to saturation. If there 
should be any free acid it will retard the working; it is therefore 
usual to evaporate the solution a little." From either of these solu- 
tions good iron can be obtained by a current of from three to four 
volts. The anode is of iron, and the cathode of copper. According 
to Urquhart, the anode should be from five to eight times larger than 
the cathode to prevent the solution from becoming acid. It is also 
advisable to have the anode in the solution when not in use and to 
connect It by a wire to a cathode of platinum or copper to prevent the 
formation of acid and to keep the bath as dense as possible. The 
metal obtained is usually as hard as steel, but becomes soft and mal- 
leable after heating. It is very important to have a solution which 
yields a crystalline and very hard coating of iron. A coating obtained 
from a solution of sulphate of iron and chloride of ammonium yields 
an exceedingly hard deposit of the purest iron, and it is thus well 
suited to the coating of small and very fine electrotypes of steel en- 
graved plates. All solutions made from sulphate of iron simply, are 
very troublesome and are constantly acted upon by the air, thus spoil- 
ing the solution. The salts In these solutions pass to a higher state of 
oxidation by absorption. Oxygen is rapidly absorbed and may appear 
in combination with the coating at the cathode. Charcoal iron is the 
purest to use as an anode and ordinary wrought-iron is the next best 
metal. If the solution is slightly heated, it will act much better In 
plating work. Acid and ammonium carbonate can be added occasion- 
ally to compensate for the oxidized salts. This must be so carefully 
done that the general composition of the bath is not changed. When 
attempted by beginners, this form of plating Is full of holes, due to 
too much free acid in the solution and too heavy a current. Acidity 
can be held in check by the use of litmus paper for testing for this 
condition, and when it is found to be present, by neutralizing it. An 
oxidized solution may be deoxidized by passing a current through it 
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for some hours between an iron anode and copper cathode. A little 
glycerine may serve to protect the solution from the effects of the 
air, but is rather objectionable. 

Other Uses of Electricity 
The application of electricity to produce electro-chemical changes is 
not limited to its use for the plating process alone. It is employed 
as the agency by means of which refining processes are carried out, 
germ laden masses of matter and infected water rendered innocuous, 
and new compounds produced. It is to be noted that electro-chemical 
changes are those in which a transposition of atoms occurs without 
any other outward signs than perhaps those due to bubbles of gas. On 
the other hand, the use of electricity for the manufacture of new in- 
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dustrial products, such as aluminum, carborundum or calcium carbide, 
is attended by the development of intense heat. 

Aluminum, the light, silvery looking metal, can only be cheaply ob- 
tained by means of electricity. It is distinctly an electrical product 
in a commercial sense, derived from the electric furnace by the melt- 
ing of aluminum bearing ore. The heat of the furnace and, to some 
extent, electrolytic action, makes it possible to obtain the pure metal. 
The calcium carbide product, from which acetylene gas is obtained, is 
due to the coalition of lime and carbon in the electric furnace. Car- 
borundum is also obtained in a similar manner by the conjunction of 
two foreign bodies fused by heat into an industrial product. Thus 
aluminum, the metal, calcium carbide, the gas producing chemical, and 
carborundum, a substitute for emery, and superior to it, are the first 
practical yield of the electric furnace. Of late the electric furnace has 
also found a distinct field in the metallurgy of iron. In the electric 
furnace, the high heat is due to the current passing through high re- 
sistances caused by imperfect contacts, and a rising temperature. 
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Blectro- aterllizinfir 
It has been proposed on many occasions by scientists and inventors 
to sterilize the drinking water of large cities during plague periods 
by electricity. The germs of typhoid are peculiarly active in water. 
Other germs may be transmitted in a more or less malignant form 
through the medium of water. Hence, it is required as a measure of 
protection that the water be pure. To secure this end, it may be 
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subjected to the effects of a current of electricity, the influence of 
which is destructive to animal life. That this method renders the 
water under suspicion free from active germs has been substantiated 
in many cases. Although not deemed a practical process on a large 
scale, electricity has been employed to destroy the virility of germ 
life in sewage or other refuse utilized in many instances for reclaiming 
ground. The process is called fllling in, and was carried out exten- 
sively at Riker's Island near Hell Gate, where the refuse was thor- 
oughly treated before used for filling. 
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CHAPTER I 



DYNAMOS 



A dynamo is essentially a machine which generates electromotive 
force. The process of generating electromotive force, or E. M. F., 
as It Is abbreviated, Is by means of conductors moving in a magnetic 
field. When mechanical energy is applied to conductors which are 
passed through magnetic lines of force in a certain direction, an elec- 
tromotive force is developed In them, which will be proportional to 
the speed with which they are moved, the number of conductors moved, 
and the strength of the magnetic field. The current produced in these 
turns or colls of wire will be proportional to the electromotive force 
generated and inversely proportional to the resistance. A dynamo, 
briefly, is a machine in which mechanical energy is transformed into 
electrical energy. A motor, in contradistinction, is a machine in 
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Plff. 2. Oonduotor Ponuloff » Closed Cirouit 
Moved so aa to Out the Lines of Force 
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Fig. 1. Conductor Forming » Closed Cirouit 
Moving la » Magnetic Field 

which electrical energy is transformed into mechanical energy. Both 
the motor and dynamo are mutually convertible Into each other by 
the mere fact of applying the power in a mechanical or an electrical 
form. This identity of these two machines or types of machines has 
been of the greatest Importance in the fields of practical work, par- 
ticularly in those of electric power transmission, transformation and 
distribution. 

The subjects of electromagnetism and magnetic fields have been 
treated in Machinery's Reference Series No. 74, "Principles and Appli- 
cations of Electricity, Part 11," and the expression "lines of force" has 
also been defined in that book. If a wire or conductor forming a 
closed loop or circuit, as shown in Fig. 1, moves parallel to the direc- 
tion of the lines of force in a magnetic field, so that no lines of force 
are cut by the loop, no current will flow in the conductor. If the loop 
B rotates as indicated by arrow A In Fig. 2. however, so that the llnefi 
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of force are cut by the conductor, and so that the number of lines 
passing through the loop is constantly changing, either decreasing or 
increasing, then a current will be induced in the conductor. If the 
conductor merely cuts the lines of force, but in such a manner that the 
number of lines passing through the loop of the conductor remains 
constant, then an electromotive force will be produced, but no current 
will flow. Each half of the loop becomes impressed with an electro- 
motive force of the same strength and polarity as the other half, and 
as the two oppose each other, no current will flow. The principles out- 
lined may be summarized as follows: 

The physical law upon which the generation of electromotive force 
is based requires the absence of uniformity in the motion of the con- 
ductor through a uniform field of magnetism. The conductor must 
move in such a manner that the number of lines of force it cuts are 
constantly changing in number. It other words, it may be stated that 
the generation of electromotive force depends upon a variation in the 
number of lines of force intercepting the conductor. 

The direction of motion plays a great part in the direction of the 
current in a conductor exposed to the influence of lines of force. The 
conductor develops positive and negative electricity at ends which re- 



CURRENT OUTWARD 





CURRENT INWARD 



Flff. 3. lUustration ahowlnff Relation betwoen Direction of Current and 
Direction of Motion of Conductor 

verse their polarity when the direction of the motion is reversed. For 
instance, if a conductor is moved downward in front of the north pole 
of a magnet as shown to the left in Fig. 3, the current will tend to 
flow outward from the plane of the paper. The exact nature of the 
action which takes place and owing to which a closed electric circuit, 
when moved in a magnetic field, is able to absorb mechanical energy 
and give out its equivalent in electricity, even if known, would have 
no infiuence upon the practical application of this principle in electro- 
magnetic machinery. Such knowledge would merely add another link 
to the chain which is being slowly forged in the physical laboratories 
of the world, connecting fact with fact and associating principle with 
principle for the purpose of showing the truth of great generalizations 
already made. 

When a conductor is moved upward in front of the north pole of a 
magnet, electromotive force is also generated, but in this case the 
positive and negative poles of the conductor will be at such ends of 
the wire that the current with reference to the plane of the paper will 
tend to fiow Inward. Thus it is evident that an up and down motion 
of the conductor in front of the north pole would produce a series of 
electromotive forces which would be proportional to the number of 
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movements per second, the strength of the magnetic field, and the 
length of the conductor in operation. 

Direction of Field Around Inductive Wires 

A wire producing electromotive force is acting as an inductor, be- 
cause an electromotive force is being induced In it. The "blow'' of a 
downward moving wire, upon the lines of force of a north pole pro- 
duces a magnetic whirl around the wire, coincident with the generation 
of its electromotive force, and its polarity, or positive and negative 
ends. A reversal of the motion produces a reversal of the magnetic 
whirl around the wire, and of its electrical polarity and electromotive 
force. 

If this experiment could be regarded as that of a stout metal rod 
striking a number of projecting flexible steel wires, it is easy to under- 
stand that a downward and upward blow would make them coll around 
the rod in opposite directions. There is this difference, however, that 
in the case of the metal rod, energy is consumed with each motion, 
while in the case of a moving conductor energy is consumed only in 
proportion to the current which flows. Consequently, if the conductor 
does not form part of a closed circuit, only electromotive force, but 




Maehintry^N.Z, ^ 
Flff. 4. mustratlon showing Direction of Ma^netlo Whirl 

no current results, and no energy is consumed. This fact is of Im- 
portance because it shows that a dynamo on open circuit, although 
producing electromotive force, only takes from the engine enough 
power to overcome the requirements of friction at the bearings, com- 
mutator, etc. 

The direction of the magnetic whirl around wires moving in a mag- 
netic field, as shown in Fig. 4, is an indication of the direction of the 
current in theuL The presence of this magnetic whirl, however, acts 
as a deterrent to the motion of the wire. It is this which constitutes 
in a mechanical sense the reaction. In fact, it is impossible to produce 
a current in a wire by its movement through a magnetic field without 
experiencing this drag on the conductor. 

Elements of a Dynamo 
If a north and south pole are now placed opposite to each other, as 
in Fig. 5, the magnetic lines have a free path across to the south pole. 
The number of the lines of force from the north pole have not changed 
because of the presence of the south pole; they simply continue 
on their way unchanged into the south pole. A conductor mov- 
ing downward in front of the north pole produces a magnetic whirl 
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which Is in the opposite direction to the whirl produced around the 
conductor moving upward in front of the south pole. This means that 
the current Issuing from the first wire will flow in an opposite direc- 
tion to that issuing from the second wire. If they were connected at 
thieir ends as in Fig. 6, and then rotated around an axis instead of being 
individually moved up and down in the magnetic field, practically the 
same movement would be accomplished by circular motion. In a 
dynamo this idea is followed out, and the result is that the conductors 
constantly produce a reversing or alternating current. Certain prac- 




Fl«. 5. Oonduoton Moving between the Poles of » Magnet 

tical details require attention in this respect in order to outline the 
conditions resulting from such an arrangement in actual practice. 

Alternating and Direct Currents 
There are two kinds of dynamos or generators in use for generating 
current for electric lighting and electric power. They are called alternat- 
ing and continuous (or direct) current machines. The difference between 
one class of machines and the other is entirely due to the fact that in 




Flff. e. Tbe Blementary Principle of the Dsmamo 

the first class, that for producing alternating current, the electrical 
energy is permitted to issue in the same manner as it is produced or 
generated. In the other class, the direct current generators, the alterna- 
tions or reversals of current are rectified by means of a device called a 
commutator. This device is the means of causing all the impulses of cur- 
rent to be divided up into those which leave at the positive and those 
which enter at the negative pole. In other words, it sends out all 
positive currents from one pole of a dynamo and receives all negative 
at the other. The difference, therefore, between so-called alternating 
and direct current machines is not due to the fact that they generate 
different currents, because both develop alternating currents, but is 
due to the fact that the direct current machines have a commutator or 
rectifier and the alternating current machines have not. 
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The Calculation of Electromotive Force 

The meaning of the word current with respect to electricity has no 
significance unless associated with a conception of the electromotive 
force. As already stated, there are three elements necessary for the 
development of electromotive force, these being lines of force, conduc- 
tors, and motion. Cases arise in connection with alternating and di- 
rect currents where motion is not apparent. Yet it is there; if not 
visible, it must be the motion of the magnetic field. If a conductor is 
held stationary, and a magnet moved so that its lines of force cut the- 
conductor, a parallel case is presented; but even in this instance the 
magnet is moved, whereas under particular conditions only the mag- 
netic field itself moves. 

Electromotive force is measured in volts. One volt is equal to the 
cutting of one hundred million lines of force by one conductor in one 
second. The conclusions to be drawn from this statement are obvious. 
If one hundred million lines of force must be cut by one conductor to 
generate one volt, then one-half as many cut by two conductors in one 
second or one-quarter as many cut by four conductors in one second 
will generate one volt, etc. From this statement is drawn the conclu- 
sion necessary for deducing a very simple formula, by means of which 
the electromotive force of a d3mamo is calculated before construction 
takes place as follows: 

E.M.F. in voltfl = (number of lines of force X number of conductors 
X revolutions of the wire per second) -5- one hundred millions. Trans- 
scribing this formula into symbols for convenience: 

FXSXr 

E.M.F. = 

100,000,000 
where F = number of lines of force, 
S = number of conductors, 
r = revolutions per second. 
To illustrate the application of this formula let F=r 5.000,000; 8 
= 100; and r=:20, which represents 1200 revolutions per minute. The 
volts would equal 5,000,000 x 100 X 20 divided by 100,000,000, which 
equals 100 volts. 

The Magnets of a Dynamo 

Before going further, it will be necessary to define the meaning of 
the expressions "armature" and "field magnets". The armature of a 
dynamo, in general, is that portion of the machine which is revolved 
between the poles of the magnets of the dynamo. These magnets are 
usually called field magnets. The armature consists of coils of insu 
lated wire and an iron armature core, on or around which the coils are 
wound. The magnets are electromagnets, energized through colls of 
wire wound around their core, an electric current, called the field cur- 
rent, being sent through the coils of the magnets for this purpose. 

The three important parts of a continuous current dynamo are the 
armature, commutator and field magnets. The commutator is not re- 
quired for an alternator, or machine generating alternating current. 
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The conductors wound and firmly secured around the armature core 
have terminals ending in the commutator. Both commutator and arm- 
ature are mounted on one shaft, by means of which the conductors are 
rotated in the magnetic field provided by the magnets. In some dynamos 
the coils of the magnets act almost directly on the armature, the mag- 
netism passing through the end of the core which is curved to con- 
form to the cylindrical shape of the armature and at the same time per- 
mitting it to rotate freely. In other dynamos the core is attached to a 
pole piece which may be' of the same metal as the magnet core. If 
this is not the case, the core is generally of wrought iron and the pole 
pieces of cast iron. The ultimate purpose of the magnet winding is to 
force a certain amount of magnetism across from one pole piece to 
another. In order to get across, the magnetism must pass through the 
air-gap existing between one pole piece and the armature core and then 
again from the armature core through the air-gap back to the other 
pole. It is of the greatest importance in a continuous current dynamo 
for incandescent lighting, that the magnetism, speed and armature 
turns co-operate so advantageously that the electromotive force produced 
by the machine for outside use remains unchanged. 

Construction of the Armatvire 

The armature core is not composed of a solid cylinder of iron; on 
the contrary. It consists of a great number of thin sheets of wrought- 
iron bolted together to give mechanical rigidity. If the armature was 
not composed of lamins in this manner, it would act as a solid con- 
ductor moving in a powerful magnetic field and in consequence would 
generate a i9trong current. The effect of this current would be the 
generation of an intense heat and a great waste of energy. Foucault 
was the first to suggest and to try the effect of subdividing the arm- 
ature core at right angles to the lines of force in which it rotated. This 
practice is now followed out universally and is termed "lamination." 
The sheets of iron are stamped, and in some cases thin paper is placed 
between the laminae, although experience has shown that a coating of 
varnish or the oxide of the iron itself is all that is necessary to pre- 
vent electrical contact between plate and plate. Originally the con- 
ductors of direct current dynamos were wound on the outside of the 
core and held in place by bands of wire, but the armature cores are now 
slotted and the wires are wound in these slots and held either by means 
of bands of brass wire surrounding the armature or by fiber strips slip- 
ping into and held by these slots, over the wire they contain. 

Armature cores may be either simple cylinders, which have the wir?. 
wound completely around them, or they may be hollow inside and rep- 
resent what are called ring and disk armatures. Both of these last 
named armature cores have the wire threaded through them instead of 
around from one side to the other across the ends. The cylindrical 
core is called "drum" armature and the ring "gramme" armature. The 
disk armature is sometimes called "the fiat ring," to distinguish it 
from the ring, which is longer axially. Ring armatures are mounted on 



Digitized by VjUUQIC 



DYNAMOS 



9 



the shaft by means of spiders to secure them against slippage and vibra- 
tion. The question of speed must be carefully considered in the con- 
struction of armatures and their mountings. The most solid type of 
armature and one largely in vogue at present Is the drum. In the ring 
armature the conductors are wound around the ring; the consequence 
of this is that the inside wires are not generating electromotive force. 
In the drum armature the end wires crossing both bases of the cylinder 
are Inactive and do not generate electromotive force. 

Types of Direct- current Dsmamo Wlndlnira 
The manner in which a dynamo begins to generate electromotive 
force is best understood by referring to the method of winding the 
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fields and connecting them to the armature. There are three general 
types of dynamos, bearing the names of series, shunt and compound, 
according to their windings and connections. In the series wound 
dynamo, a diagram of which is shown at A in Fig. 7, the current gen- 
erated in the armature flows out into the outside circuit, generally of 
lights, and returns to the dynamo through the winding of the fields. 
The circuit Is therefore completed by the armature, lights and field 
being in series with each other. The shunt dynamo, as shown at B, 
operates differently, the current from the armature passing through the 
outside circuit and returning to the armature, the field taking its cur- 
rent independently from the armature terminals or in shunt. The 
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compound wound dynamo, as shown at (7 in Fig. 7, represents a com- 
bination of these two windings. It has a shunt fieid which takes its 
current from the armature terminals and an auxiliary series winding 
through which all the current of the machine passes in series with the 
entire outside circuit. 

GheneratlnfiT Blectro motive Force' 
When a series, shunt or compound wound d3niamo is set into opera- 
tion, the action by which electromotive force is developed and a current 
thrown into circulation does not take place instantaneously. The 
process is a self-regenerative one and depends in the first stage of its 
growth upon the presence of residual magnetism in the iron core and 
pole pieces of the machine. The least trace of magnetism in the pole 
pieces will enable the armature to generate a little electromotive force. 
This electromotive force will send a minute current through the magrnet 
windings, whether it be a shunt or series wound machine. The effect 
of this current is to produce a little more magnetism In the magnets 
and thus supply more lines of force to the armature to cut for the gen- 
eration of more electromotive force. With more electromotive force, a 
stronger current circulates through the magnet windings, continually 
augmented in strength by the reinforcements of electromotive force 
from the armature, until a climax of development is reached when the 
dynamo is delivering its normal pressure. The process cannot go on 
indefinitely because the magnets will not produce more than their 
proper quota of lines of force, and neither the speed nor conductors 
can change in numerical value. Therefore, when the iron becomes 
saturated and the speed and conductors remain unchanged, the electro- 
motive force will not vary. It must be understood, however, that if any 
one of these three items undergo a change, a corresponding change 
will be experienced in the development of electromotive force. A dyn- 
amo which can increase or decrease its magnetic field will proportion- 
ately afreet the voltage produced. If by any means, the speed remain- 
ing the same, the number of the conductors can be controlled in a 
dynamo, in like manner the electromotive force will Increase or 
diminish. 

The Alternator 

The alternating current dynamo generates a current which cannot 
be used for exciting a magnetic field in the same manner as a current 
produced by a direct Current machine. The electrical energy of an al- 
ternator consists of a rapidly reversing electromotive force and current 
The positive and negative poles of the dynamo are constantly reversing, 
and the number of alternations per second depend upon the speed of 
the armature and the number of magnetic poles the conductors move 
past per second. The magnetic field is obtained from the current of a 
small continuous current dynamo called the "exciter." This machine 
may be permanently attached to the alternator, or it may be merely 
belted to the shaft supplying both with power. Its entire function is 
to supply current to the field magnets of the alternator, which current. 
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it must be distinctly understood, Is not always obtained in this man- 
ner. It Is sometimes obtained from an auxiliary or independent wind- 
ing on the alternator armature which is connected to a commutator 
and thus makes the alternator self-exciting. The general plan, however. 
Is to keep the exciter separate in the manner described. An alternator 
generally consists of four or more poles or magnets. A few figures are 
given in the following table showing how the reversals of current are 
due to the number of poles and the speed: 
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30 
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The idea represented here is as follows: A conductor moving past 
a north pole develops a current opposite in direction to that developed 
when moving past a south pole. A complete cycle only occurs when 
the wire sweeps past a north and south pole in succession. In this 
case the wire generates an electromotive force, which rises from zero 
to its full value, and drops again to nothing just the instant before 
it passes under the opposite pole. When passing under the opposite 
pole the process is repeated in a reversed direction and when com- 
pleted the wire Is about to enter upon the same cycle again. This is 
therefore called a complete reversal of current and is due to a con- 
ductor passing one pair of poles. If it passes a pair of poles 10, 15, 20, 
25 or 30 times a second, just so many times will a complete reversal 
of current take place. Multiplying the revolutions per second by the 
number of pairs of poles will give the reversals, or as it is generally 
called, the frequency of the current. 

Waves of Electromotive Force 

The function of the commutator and its relation to the impulses of 
electromotive force generated in the armature can be best understood 
by reference to what is called "a wave of electromotive force." In 
any dynamo, whether it be a bipolar or multipolar, every conductor 
passing the poles has an electromotive force generated in it which is in 
strict proportion to the lines of force it cuts. If the electromotive 
force of a conductor passing in front of a north pole is estimated in 
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a series of positions, the product of the number of lines of force by 
the speed of the conductor will give the amount of electromotiye force 
developed. Suppose the electromotive force Is measured while the 
conductor is rapidly passing through these positions* then, at each point, 
the electromotive force will uifler, provided the rate of motion is 
uniform, because the lines of force are so distributed that in their case 
no uniformity exists. If use is made of suc)i data as can be 
obtained in this manner to graphically represent the entire process, 
as shown in Fig. 8, then, by letting .the length of vertical lines be a 
measure of the electromotive force developed at each instant, and a 
base line be proportioned to the time during which these various elec- 
tromotive forces are produced, a curve can be drawn through the ex- 
tremities of the vertical lines which will adequately picture the rise» 
full growth, and fall of the electromotive force. As the wire moves on 
to pass beneath a south pole, the generating process Is repeated and 
the result in consequence is a wave of electromotive force in one direc- 
tion under a north pole and a wave of electromotive force in the op- 
posite direction under a south pole. The more abruptly these waves 
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are produced, and the greater the electromotive force they represent 
the more difficult it is to obtain what is commonly called a continuous 
current. If heavy impulses, due to a great many turns acting co- 
operatively, are rectified by means of a commutator, which would, un- 
der the circumstances, consist of comparatively few segments, then 
such a current would represent a series of. direct pulsations. The 
current is direct, but not, in the strict sense of the word, continuous. 
It is like the stream which issues from a powerful force pump without 
a pressure chamber — the stream is all directed one way, but occurs in 
increasing and diminishing spurts. If, on the other hand, the arm- 
ature conductors are so arranged that only a few are connected to 
each commutator segment, then there would be many commutator seg- 
ments required. The result of this would be to bring the current down 
to a gentle ripple, approximating uniformity. It would still pulsate, 
but with small pulsations, which is the object sought by designers 
when laying out continuous current machines for incandescent light- 
ing. A graphical illustration of the statements just made is shown in 
Fig. 9. 
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It is needless to state that if an armature core was wound with 
1000 turns of wire, by means of which, when revolving at 1000 revo- 
lutions per minute in a magnetic field, 100 volts were generated, a 
commutator consisting of only two segments would cause destructive 
sparking. If, however, the commutator segments were increased to 
4, 6, 12, or in fact to something like 50, and the 1000 conductors were 
divided up between them, then the sparking would be very much re- 
duced. In other words, the commutator segments, and the volts 
produced by the armature conductors, must be proportioned with re- 
gard to two things: First, the uniformity of the current; second, the 
sparking at the dynamo brushes. 

Heavy pulsating currents are employed for high tension arc light- 
ing. Direct currents of a uniform character are employed for low 
tension incandescent lighting. In Fig. 9 the change of the curve from a 
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Fig. O. Oraphioal mu8tr»tlon of the Influeno« of the Oommutator 
Ooaatruotlon on the Current Pulaationa 

heavy impulse to a ripple-like flow is due to the use of a greater 
number of commutator segments. Carrying out this idea to its practi- 
cal limitations would give a current so uniform in character that it 
would compare with the discharge from a storage battery through a 
fixed resistance. 

Alternating Current Djmamos 

There are several varieties of alternating current dynamos, distin- 
guished from each other by an interesting peculiarity called "phase." 
To enumerate, there is the single phase, two phase, and three phase 
dynamo. The meaning of phase may be readily understood with ref- 
erence to the character of the currents they individually produce; but 
it is necessary to represent these difTerences partly by a diagram. 

A wire on the armature of an alternator rotates past a series of 
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poles of different polarities. It passes a north pole, then a south pole, 
then a north pole, and so on, as it continues its rotations. (See Fig. 
10.) Every north pole it passes produces an impulse in the same di- 
rection; that is, all one way, and every south pole it passes produces 
an impulse in the opposite direction. Thus, the impulses of current 
due to the north poles are ail in one direction and the impulses of 
current due to the south poles are all in the opposite direction. This 
idea is represented by a series of curves placed over or under a base- 
line, as shown at B in Fig. 11. All the curves or waves over the line 
can be regarded as impulses due to north poles, and those under the 
line as impulses due to south poles. Therefore a diagram of this 
character adequately represents the increase and decrease of the elec- 
tromotive force as the conductor sweeps past a north pole, the par- 
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ticular instant at which no electromotive force is generated just as 
the conductor has emerged from the lines of force of the north pole 
and is about to enter those of the south pole, and the rise and fall of 
the electromotive force due to the south pole with a return to prac- 
tically the same conditions as the cycle is about to be repeated. Each 
pole is capable of producing one wave of electromotive force in a con- 
ductor, and in consequence it is customary to depict this process of 
electromotive force development by a curve as described. The name 
given to a curve of this character by mathematicians, and so called by 
electricians, is "the sine wave." 

A great many impulses occur in the winding on the armature of an 
alternator every time the conductors pass each pole. It has been neces- 
sary to devise a winding which would throw all similarly moving cur^ 
rents in one direction and thus avoid opposition between them. This 
is readily done by laying fiat ooils on the armature^ each around a pro- 
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Jectlng core, and connecting their ends together, the outside terminals 
of adjacent coils and the inside terminals of those next adjacent, and 
so on, BB shown in Fig. 12, until the two final ends are connected 
respectively to collector rings (see Pig. 12 and upper view A in Fig. 
11), from which hy means of brushes an impulse is collected as the 
coils on the armature pass a pole piece. 

Two and Three Phases 

If another current follows after the first impulse of an alternating 
current, but not so slowly that it differs In any respect from the first 
except in being an Instant behind it, there are what are called two 
phases acting in the circuit. If three distinct currents follow each 
other in this manner, each an instant behind the other, yet not so far 
behind that the three currents are not at some stage of growth or 
diminution at the same moment, thex'e are three phases of current in 
the circuit or it represents a three-phase current. 

Phases of this kind are produced in a very simple manner. The ar- 




IMPUL8E8 OkE WAY 
N N 




S S 8 

IMPULSES THE OPPOSITE WAY 

JTcMAifMry.^V.r. 

FIff. 11. CoUector Rings and Oraptaloal mnstratlon of 
Oharaotexistios of Altamatlnir Ourmatm 

mature conductors are connected in such a way that in the case of a 
two or three-phase dynamo practically two or three distinct windings 
are in operation at once. In one winding the armature conductors, for 
instance, are one-third of the distance across a pole piece before the 
second winding is in operation. By this means the beginning of an 
impulse is one phase, which follows all the laws of an ordinary alter- 
nating current. The phase beginning when the first conductors have 
already been developing electromotive force along one-third of the arc 
of the pole piece also rises to its full value and acts like the first phase. 
A third can follow in the same manner if the conductors are properly 
arranged and connected to individual collector rings. Thus, instead 
of only one — two, three or more phases or currents can be developed 
by this method, each distinct from the other, an instant behind it, and 
serviceable for electric lighting and power transmission. Rotary con- 
verters found in power houses and sub-stations, and nearly all self- 
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starting alternating current motors, are actuated by multiphase cur- 
rents of either of two or three phases. 

Hence it will be seen that by adding further windings, in interme- 
diate positions relative to the first or original winding, any number 
of alternating currents may be generated, each differing from the 
other in phase, that is, being a very small fraction of a second behind 
it. For each phase two conductors are necessary. Hence, it is neces- 
sary to limit the number of phases, so that undue multiplication of 
conductors is avoided. 

For two-phase currents, for example, four conductors are necessary, 
except in cases when a single return conductor is used, when three 
conductors are sufficient. For three-phase currents six conductors 
would be required, except for the condition that the current flowing in 
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PrtnotpU of Winding an Altamating Current Dynamo 



one phase is always equal and opposite to the sum of the currents in 
the other two phases. Hence the return wire for each phase may be 
omitted, and three conductors only need be used. 



Hysteresis 

The iron core of the armature is magnetized first one way and then 
another, whether it belongs to an alternator or a direct current dyna- 
mo. The effect of this is to consunfie power which manifests itself as 
heat. This phenomenon always appears when iron is magnetized and 
demagnetized. The reason why power is consumed is as follows: 
When a bar of iron is magnetized by means of a coil carrying a cur- 
rent, and the ampere turns or magneto-motive force is great enough 
to saturate it, the molecules of iron assume a certain polarized posi- 
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tlon. If an equal and opposite magneto-motive force is applied by 
means of the coil, the iron will not of itself return to its nornral 
condition; it will require extra magnetizing force to accomplish this, 
and if the process is continued until the iron is magnetized as highly 
in the opposite direction (with reverse poles) as before, and then 
brought back to where it started from, It will be found that a con- 
siderable amount of power has been absorbed. A process of this kind 
is called a cycle of magnetization, and is graphically illustrated in 
Fig. 13. Although the process merely consists of the magnetization 
and reverse magnetization of iron with a final return to the starting 
point, yet each instance presents an opportunity for power to be ab- 
sorbed, which Increases as the degree of mag- 
netism to which the iron is subjected increases, 
and also with the rapidity and frequency of the 
cycles. If a cubic foot of soft iron is put through 
such a process, it will, according to a noted au- 
thority, when magnetized up to 60,000 lines of 
force per square inch, absorb 10 foot-pounds of 
energy. If the process is carried on at the rate 
of 100 times a second, 1000 foot-pounds of energy 
are absorbed. It Is easy to estimate that each 
minute would represent a power consumption of 
60,000 foot-pounds or nearly 2 horsepower, at this 
rate of change. All armature cores, therefore, 
must be calculated with respect to such a dissipa- 
tion of energy, and it is necessary to obtain fig- 
ures which will enable such calculations to be car- 
pig. 18. BjmmnaiB Curve ,.jg^ q^^ ^ formula has been deduced by Stein- 
metz, upon which all calculations of hysteresis (the name given to this 
property of Iron) are based. 

The Stelnmetz Formula for Hysteresis 
The Stelnmetz formula requires an understanding of quantities with 
fractional exponents, and the use of logarithms.^ In the formula a 
constant is multiplied by the lines of force per square centimeter, the 
latter value being raised to the 1.6th power; this gives the power con- 
sumed m er0s (see definition in the following) in one magnetic cycle 
for one cubic centimeter of iron, or: 

Power consumed = 0.002 X (lines- of force per square centimeter) *••, 
in which 0.002 is called the hysteretic constant, and is an average of the 
actual constant for different classes of iron. The actual constant is 
for: 

Wrought-lron — hysteretic constant 0.0017 

Steel— hysteretic constant 0.0025 

The above formula, reduced to symbols, would appear as follows for 
one cubic centimeter of iron: 

W = 0.002 B'% 
where W = power consumed in ergs in one magnetic cycle, 
B = lines of force per square centimeter. 
• See MachTnert's Reference Series No. 53, "The Use of Logarithms." 
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The value of an erg is best understood by reference to a foot-pound. 
A footpound equals 13,350,000 ergs. In the following table, in which 
the lines of force per square centimeter and per square inch aVe given, 
the calculations by the Steinmetz formula are carried out for iron sub- 
jected to a series of increasing magnetizations: 

FLBKINO'B TABLE 



Lines of Force 


Lines of Force 


Enrs per 


per sq. cm. 


per sq. Inch 


cubic cnu 


1.000 


6,250 


126 


2,000 


12,500 


383 


3,000 


18,750 


732 


4,000 


25,000 


1,160 


5,000 


31,250 


1.658 


6,000 


37,500 


2.222 


7,000 


43,750 


2,840 


8,000 


50.000 


3,516 


9,000 


56,250 


4,244 


10.000 


62,500 


5,022 



When using this table, the number of complete reversals of magnet- 
ism per second must be multiplied by the waste of power per cycle. 
For instance, if the frequency of an alternating current is 120 per 
second, a well known commercial rate for lighting circuits, the power 
wasted at 5000 lines of force per square centimeter, or 31,250 per 
square inch, would be 3.22 foot-pounds for a cubic foot of iron per 
complete reversal. For 120 complete reversals the power wasted would 
be 120 X 8.22 = 886 foot-pounds. 

In reference to the equivalent of an erg in foot-pounds, it may be 
stated that one pound equals 445,000 dynes. A dyne is the force re- 
quired to impart to a gram a velocity of 1 centimeter per second. An 
erg is the work done in moving a body a distance of 1 centimeter 

POWER WASTED PER CUBIO FOOT OF ZRON AT 120 REVBRSALS 
PER SECOND 



Lines of Force 
per Square 


Lines of Force 
per Sq. cm. 


Ervs per 
Cubic cm. 


Foot-pounds 
per Cubic Foot 


6,250 
12,500 
18,750 
25,000 
81,250 
37,500 
43,750 
50.000 
56,250 
62,500 


1,000 
2,000 
3.000 
4,000 
5,000 
6,000 
7.000 
8,000 
9.000 
10,000 


120 X 126 

- - 888 

- " 782 
" - 1160 
" - 1658 
" •* 2222 
'• " 2840 
" - 3516 

- " 4244 
" " 5022 


29.82 

89.18 
178.00 
270.00 
886.00 
517.06 
661.00 
818.17 
987.60 
1168.60 



against a force of 1 dyne. If a gram is moved against gravity a dis- 
tance of 1 centimeter in 1 second, 981 ergs of work are done. A pound 
is equal to 453.59 grams, and the force of gravity equals 981 dynes per 
gram; hence. 453.59 X 981 = 445,000 dynes or 1 pound. If 1 pound 
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is lifted 1 foot, it means a force of 445,000 dynes operating over a dis- 
tance of 30 centimeters, the basis of estimate being 0.4 inch per cen- 
timeter and therefore 30 centimeters per foot. This calculation gives 
445,000 X 30 = 13,350,000 ergs = 1 foot-pound. If the last column 
of figures in the Fleming table, which gives the energy wasted in ergs, 
ts given in the English system for 1 cubic foot of iron magnetized and 
demagnetized at the rate of 120 times a second, the result will be as 
given in the lower t&ble on page 18. 

For armature cores this last table is very useful, as well as in those 
cases where the use of magnets on alternating current circuits are pro- 
posed. In alternating current work in general, whether single, two 
or three phase, dynamos, motors and transformers are of necessity in 
almost constant use; and these machines call for a careful application 
of the principles outlined so far as hysteresis is concerned, otherwise 
the internal development of heat within the iron would not only waste 
power, but rapidly put a stop to the operation of such machines al- 
together. 
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THE BLBOTRIO MOTOR 

An electric motor is a machine in which electrical energy is trans- 
formed into mechanical energy. This is the reverfie of the dynamo, 
which is a machine in which mechanical energy is transformed into 
electrical energy. To transform electrical energy into mechanical 
energy the medium of the electro-magnet comes into play. 

The construction of the motor is practically the same as that of the 
dynamo, and a dynamo is capable of running as a motor if supplied 
with current through its armature and magnets. The principle upon 
which the action of the electric motor is baaed is that a conductor 
carrying an electric current tends to move if it is placed in a magnetic 
field. The tendency is for the conductor to move into a position where 
the lines of force passing through its loops become parallel to, or 
coincide with the lines of force in the field of the magnets. Hence, a 
motor, like a dynamo, consists of a magnetic field, produced by field 
magnets, and conductors wound on an armature core, and so arranged 
that they can move when acted upon by the field. This is the simple 
theory of action and construction of an electric motor, and while the 
theory may be elaborated upon, as in the following, it should be borne 
in mind that the fundamental principles are simple and easy to 
comprehend. 

The development of a magnetic field within a loop of wire, when 
affected by a current of electricity by which it acquires all the qualifica- 
tions of a magnet, was first discovered and enunciated by Oersted. 
Thus is became subsequently possible to express magnetism qualita- 
tively and quantitively in terms of electricity. In other words, it was 
found that magnetism produced by electricity could be calculated with 
exactitude, and the polarity as well, anticipated. Each turn of wire 
carrying a certain current can be regarded as a lamellar magnet pos- 
sessing a certain magneto-motive force. A succession of such small 
magnetic pumps, as they might be called, force the magnetism through 
the medium whether it be iron or air. As the number of them is 
augmented, and the current in them increased, their power or magneto- 
motive force increases in proportion. Thus, when such coils are so 
situated that their infiuence upon each other is productive of motion, it 
becomes evident that the power produced mechanically is in proportion 
to the magnetic pull resulting from the arrangement of coils and poles, 
and the rotative speed. 

Relation of Lines of Force and Current 
The lines of force, when meeting those of another field, tend to 
set themselves parallel, or as it would seem, tangent to those of the 
other field. When a bar of iron is inserted within a series of electro- 
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magnetic helices its polarity becomes most pronounced and manifests 
itself, if movement is possible, by motion towards an opposite pole or 
away from a similar pole. When the magnetic field of a motor is con- 
sidered, its lines of force pass between the two poles via the armature 
core of laminated iron placed within it. A coil of wire wound around 
this core can occupy a series of positions with respect to the horizontal 
or vertical plane. Let three positions be considered — one in the hori- 
zontal plane, one in the vertical plane, and one in a plane situated at 
an angle of 45 degrees, as shown in Fig. 14. This coil, we assume, has 
as yet exercised no influence upon the magnetic field which streams 
across from the north pole to the sou^h pole of the motor. It is then 
to be considered as occupying the first of the positions referred to, 
namely, one in the horizontal plane, as shown at A. 

On sending a current through the coil when in a position in the hori- 
sontal plane, it acts in every respect as any other electro-magnet ir- 
respective of the fact that it is already in a magnetic field. The turns 
of wire which compose it act upon the armature core of laminated iron 
which they embrace, and magnetize it. If a coil were in a horizontal 






MadhtntrtJr.r, 
F\g. 14. QraptaloAl mttatration of Aotlon of an Blaotrlo Motor 

position in space, and did not contain any iron, it would produce a com- 
paratively weak field, but whose lines of force would lie in a vertical 
direction. Situated as it is with a core of wrought-iron between the 
poles of a powerful field, the same phenomenon takes place. The coil 
produces a vertical field, a field in fact whose lines of force are at 
right angles to those of the original field. It would tend to move the 
now vertically suspended electro-magnet so that its poles would, seek 
the opposite poles of the surrounding field. The motion would be one 
of rotation either to the right or to the left, depending upon the relative 
position of the poles produced by the ampere-turns of the horizontal 
coil and those of the field in which the armature core rests. The 
lines of force of the coil will, if permitted, set themselves parallel to 
those of the field, and in so doing motion would be produced. 

A coil situated in the vertical plane, as shown at B in Fig. 14, pro- 
duces a magnetic field at right angles to itself or in a horizontal plane. 
Its lines of force would therefore merge with those of the surrounding 
field, or, if the poles were opposed to each other, reduce it to an extent 
dependent upon its magneto-motive force. In either case, whether the 
field is augmented or reduced, no motion will tend to result from such 
a relative i)osition, as the lines of force are now in a position of paral- 
lelism with respect to each other. 
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It is evident from the positions of the coil in a horizontal and yer- 
tlcal plane that these are not the ones best suited to the production 
of either great pull or torque or motion. A coil at an angle of 45 de- 
grees, however, producing a magnetic field at right angles to itself as 
shown at C, Fig. 14, also presents poles in a position with reference 
to those of the field surrounding it, so that motion must result Not 
only will a tendency to swing around be perceived, but a strong pull 
will accompany it The lines of force of the coil can set themselves 
parallel to those of the field only by moving the core. This will actually 
take place not only when coils occupy a position at 45 degrees to either 
the horizontal or vertical plane but when they are slightly inclined to 
either. Thus it becomes evident that the constant effort taking place 
between the lines of force due to the coils on the armature and those 
of the field, which are supposed to remain comparatively unchanged, 
can only take place when they occupy certain positions with respect 
to the field. Under these conditions it might be said that the circum- 
stances present the case of one fixed magnet whose field generally re- 
tains its position and a series of movable electro-magnets whose fields 
are constantly tending to assume positions in which their lines of force 
lie parallel to and in the same direction as those of the field. Increas- 
ing the current under these general conditions would mean an increase 
in pull between the stationary magnet of the field and the movable 
electro-magnet caused by the various positions of the coils on the arma- 
ture. The torque of the armature, therefore, is entirely a question of 
magnetic field and current in the armature, which is merely another 
way of saying that it is simply a question of the amount of pull result- 
ing from a stationary and a movable magnetic field, the latter being 
capable of increasing by an increase of current 

Magnetism and Mechanical Pull 

The relation existing between magnetism and mechanical pull, in the 
case of an electro-magnet, to the poles of which a piece of iron or 
armature is to be attracted, is very simple. The formula for this 
relation gives the pull In dynes as follows: 

P = 

8x 
in which 
P = pull in dynes, 

B= lines of force per square centimeter, 
A = area in square centimeters, 
x = 3.1416. 

To Illustrate the application, take %he case of a magnet having 100 
square centimeters of pole surface, and the lines of force equal to 10,000 
per square centimeter. The calculation will show the following re- 
sult: 

10,000 X 10,000 X 100 

P = = 398,000,000 dynes = 895 pounds. 

8 X 3.1416 
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The adjustment which takes place between the load of a motor and 
the power it consumes is brought about by means of the counter electro- 
motive force. This electromotive force is developed within the arma- 
ture for the same reason that any other electromotive force is gen- 
erated In conductors cutting a magnetic field. The armature of the mo- 
tor, although caused to rotate by the reaction between the field of the 
magnets and the field of the conductors, nevertheless presents the case of 
free conductors rotating in such a manner that the lines of force they 
meet are cut and necessarily produce electromotive force. It is a 
simple matter to calculate this counter electromotive force by multi- 
plying the revolutions per second by the number of conductors by the 
lines of force of the field, and dividing by 100,000,000. 

The conditions which exist within the armature of a motor when in 
action are as follows: Current is allowed to enter the motor, energiz- 
ing the field magnets, and passing through the armature in a limited 
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manner. The rotation which then ensues is the means of generating 
an electromotive force within the armature conductors. There are, 
therefore, two electromotive forces in action within the armature, 
one of which tends to send a current through it, and the other, which 
opposes or counteracts the effect of the entering electromotive force. 
The electromotive force generated within the armature conductors is 
called the counter electro-motive force, and the electromotive force 
applied to the motor is called the line or Impressed electromotive force. 
A study of electromotive force with respect to its generation by 
means of mption, lines of force and conductors, shows how variations 
in the amount of electromotive force developed may be brought about. 
Any increase in the number of conductors on the armature of a motor 
will give rise to a higher counter electromotive force. Any change 
in the speed of a motor will give rise proportionately to an equivalent 
change in the counter electromotive force of a motor. Finally, any 
increase or decrease in the strength of the magnetic field will be the 
means of causing a change in the counter electromotive force. These 
infiuences are referred to because the regulation and operation of mo- 
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tors is dependent upon these principles not only In theory but In 
actual practice. 

When an impressed electromotive force acts upon the field and arma- 
ture windings of a motor, current is sent through the first, producing 
a field of given strength, and through the second producing rotation 
and, hence, power. The remarkable fact about the work a motor Is doing 
and its counter electromotive force Is this: When the motor is run- 
ning free, or "Idle" as it is called, the motor is developing the highest 
counter electromotive force, and In consequence the Impressed electro- 
motive force is only able to send a small current through the armature. 
The effective electromotive force in this case is the difference between 
the impressed electromotive force and the counter electromotive force. 
This effective electromotive force will send a current through the ar- 
mature which is governed by the resistance of the same. For in- 
stance, assume that the armature has a resistance of 0.01 of an ohm, 
that the impressed electromotive force equals 110 volts, and that the 
counter electromotive force equals 109.5 or 109.75 volts. The difference 
between 110 and 109.5 volts is 0.5 volt, which gives a current of 0.5 
-^ 0.01 = 50 amperes. The difference between 110 and 109.75 volts 
is 0.25 volt and this would send a current through the armature of 
0.25 -T- 0.01 = 25 amperes. Therefore a very low resistance armature 
needs but a very small efFective pressure to send a heavy current 
through. 

The frequent changes of load to which a motor is exposed will, when 
taking place, vary the speed slightly. If the load is reduced the speed 
will increase, and if the load is Increased the speed will diminish. It 
is thus evident that the counter electromotive force will vary accord- 
ingly, and that less or more current will pass through the armature. 
The counter electromotive force, therefore, acts as a natural automatic 
valve which opens wider when the load on the motor is increased, and 
therefore more current Is required, and which, so to speak, closes 
down when the load on the motor is diminished and less current Is 
required. 

Kinds of Motors 

Motors are divided up into classes according to the winding and the 
character of the current employed for the operation. The direct cur- 
rent is used for motors wound as follows: 

Constant current series-wound motors. (See A. Fig. 16.) 
Constant potential shunt-wound motors. (See B, Fig. 16.) 
Constant potential differentially-wound motors. (See (7, Fig. 16.) 

Each of these types is distinct, as far as its winding is concerned, 
although the last is a combination of the first two, that is, shunt and 
series winding. Series-wound motors are employed on direct current 
circuits which supply constant current and constant potential. High 
tension arc light constant current systems make use of them, as well 
as 550-volt constant potential street railway systems. The shunt-wound 
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motor is used for stationary work, such as the running of machine 
shops, printing presses, etc. 

Speed of Motors 

The question of speed is a very important one in connection with 
motor design and construction. The two possibilities open in this 
direction are constant speed and variable speed. The speed can be 
controlled and varied by placing a resistance in series with the motor, 
thus controlling the volts and amperes it receives; but automatic con- 
trol is, perhaps, more easily obtained, in such cases when a constant 
speed is desired, by differential winding. The ordinary type of shunt- 
wound motor possesses a fairly constant speed when the load is 
increased or diminished, whereas the series-wound motor will Increase 
in speed as the load is reduced and decrease in speed as the load is 
increased. A differentially-wound motor is one constructed with a 
differential field, that is to say, a field whose magnetic strength is 
increased or diminished, not with the Increase of the- load, but 
reversely. In a motor of this type of winding its field is weakest when 
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Flff. 10. T7p«« of Motor Windings 

its load is greatest and its field is strongest when its load is least. 
The manner in which this affects the speed will be explained shortly 
under the head "Differentially-wound Motor." 

The Series- wound Motor In Service 

To understand the service for which a. series-wound motor is best 
suited, it is necessary to understand the influence upon it of more or 
less voltage, more or less current, and a heavier or a lighter load. To 
begin with, the very nature of a series winding calls for the same 
current in both armature and field. This fact is emphasized in order 
to show how responsive the motor is to such changes as may occur in 
the counter electromotive force of its armature. The current which 
passes through a motor may be determined by the formula: 

volts of line — counter E.M.F. 

Current = 

resistance in ohms 

Supposing a series motor has a resistance through armature and 
field of 2 ohms, and its armature develops a counter electromotive 
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force of 400 volts; then, If the Impressed or line pressure is 500 volts, 
the current will be: 

500 — 400 
Amperes =: * — = 50. 

2 

Examination of this formula will show that if the resistance is in- 
creased the current will diminish, and also that an increase in the 
counter electromotive force will reduce the current. It will show in 
addition that if the voltage supplied to the motor is increased, more 
current will flow; there will therefore be more torque or pull to the 
armature and in consequence a higher speed. Manipulation of the 
field strength is the means employed for affecting the counter electro- 
motive force; in this case, if the field is cut down either by shunting 
the field winding or by short-circuiting part of the lines of force, less 
lines of force are cut by the armature conductors and a lower counter 
electromotive force is produced. More current cannot pass in if the 
machine is series wound and fully loaded on a constant current cir- 
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cult. Therefore, under such conditions, with a weakened field its pull 
would be reduced and its speed slackened. As already stated, a series 
motor increases in speed as its load is reduced and diminishes in speed 
as the load is increased. A reduction of the load causes the then present 
pull of the motor to increase its speed; this also increases its counter 
electromotive force and consequently reduces the current in both arma- 
ture and field. Although there is now a weaker field due to fewer am- 
pere-turns on the field magnets, there is a higher speed. A still further 
reduction of the load will increase the speed still further until, if the 
motor is entirely without load, it will run fast enough to destroy itself. 
In street railway service the series motor is used exclusively, and its 
regulation in regard to speed and power is carried on by a controller 
which throws the motor circuits from being In series with each other, 
eventually into multiple, it being understood that more than one motor 
per car is in operation at a time. A series motor with a resistance box 
in series with it, as shown in Fig. 17, represents in many respects the 
method of controlling a street car motor, only, instead of a resistance 
of this character, its place is taken by another series motor, as shovm 
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in Fig. 18; two series motors in series, and if necessary, with a resist- 
ance in series as well, being the present basis for street car control. 
Either a resistance, or another motor in series, is a means of reducing 
the pressure and current supplied, which is theoretically and, fortu- 
nately, practically a successful method of governing the speed. 

The motorman is merely manipulating the circuits of the series mo- 
tors, so that more or less current and pressure is allowed to affect each 
motor individually, for the purpose of giving the car a greater or less 
speed. It has been stated that a series motor running idle, that is, 
without a load, will tear itself to pieces. In street car service, even 
though the car is empty, the motor has still the work of carrying the 
car trucks and car body, and, \therefore, cannot develop an abnor- 
mally high speed. But it will be readily noticed how much faster 
an empty car travels, than one filled with passengers. The motors in 
this case are taking all they possibly can in the way of current at the 
pressure of the line. Higher voltage would mean an increased speed, 
or a more powerful field, but the limited pressure of the troiley sys- 
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tem, 550 volts, forbids this, and the only means for moving more 
heavily loaded cars is more powerful motors. 

Fan motors are series wound as a rule, unless they are to serve a 
different purpose from that of only running fans. A series-wound mo- 
tor must always be doing work when in operation, and the presence of 
a fan, therefore, represents a load which enables it to comply with 
the requirements of practice. Different speeds are obtained by means 
of a switch which governs resistance in series with the motor. At 
two or three pointo the switch allows a current of great strength 
and pressure to enter, which, with the fan load permanent, permits of 
a higher speed. A series-wound motor for the driving of sewing ma- 
chines could not be used unless there was a certainty of the load never 
being removed; otherwise the armature of the motor would fly apart 
Intermittent service calls for a motor which can meet conditions of 
full load or no load without such an abnormal development of speed. 

The Shunt- wound Motor 
. The shunt-wound motor is one in which the speed is fairly well pre- 
served under all changes of load. The field winding receives its cur- 
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rent in multiple from the line, and therefore is not affected by the 
changes in speed or load. The counter electromotive force of the arma- 
ture is the regulator of the amount of current the motor takes, and this 
in its place is determined by the amount of work the motor, is doing 
and its effect upon the speed. As the load is increased or diminished 
on a shunt- wound motor, the speed is affected accordingly; but the 
counter electromotive force will rise or fall, which will be the means 
of allowing a current to flow through the armature proportional to the 
effective electromotive force. The automatic action of the counter 
electromotive force in this respect has made the shunt motor peculiarly 
noteworthy. Under these circumstances, it is easy to increase the 
speed of the motor by means of the field. 

If the field of a shunt motor is weakened, the counter electromotive 
force of the armature would either drop, or (on account of the in- 
creased current which would thereby result, and necessarily the greater 
torque in the armature), the speed would increase. This is found to 
be the case in practice. That is to say, if a resistance is put in series 
with the field winding of a shunt motor, the speed of the motor will 
either increase or decrease as the current in the field winding is de- 
creased or increased. A very interesting experiment, which carries 
out this idea in practice, is that of running a shunt motor idle and 
suddenly cutting out the field winding. The effect of this, which should 
be tried with a small motor, is to raise the speed to a very high point. 
The motor is not entirely without a field in this case, but depends upon 
the residual magnetism and armature reaction for that which exists. 
The counter electromotive force thus suddenly cut down, causes a 
powerful current to fiow through the armature. The effect of this is 
a greatly increased torque and a higher speed, until, if the motor 
can stand the strain, it reaches a speed at which there is some approx- 
imation between the counter and impressed electromotive force to that 
existing under normal conditions. Advantage of this fact is taken in 
the regulation of shunt motors by the so called differential method. 
By this method the field is weakened when the speed slackens. 

Differentially- wound Motor 

The differential field is obtained by means of two field windings — 
one a shunt winding and the other a series winding, as shown in Fig. 
19. The shunt winding receives its current and pressure as usual 
from the main line, but the series winding takes the entire current 
of the motor. This winding is so arranged, that as the current re- 
quired by the motor increases, its demagnetizing effect upon the field 
also increases. It is really a compound-wound dynamo turned into a mo- 
tor. Thus, increasing load means a tendency to increasing speed, which 
compensates for the number of turns per minute lost through the in- 
creased load. When the motor runs idle, the current in these series 
turns has little or no effect on the speed. In fact, the motor is now 
a simple shunt-wound machine. A uniform speed is secured by this 
means, within certain limits, for all changes of load. 
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Conditions of Service 

The two broad groups in which motors may be divided, as far as serv- 
ice is concerned, are the class Including motors for stationary, and 
the class including motors for vehicle purposes. Stationary service 
may be still further divided as below: 
Factory drive, all kinds. 
Ventilation, including fan motors. 
Hoisting and elevator service. 
Mining, such as drilling, etc. 

The conditions of service for stationary motors may be extended so 
as to Include applications of less importance, such as dental apparatus, 

medical appliances, stage de- 
vices, etc. The other list of 
conditions of service, in which 
the motor Is employed for trans- 
portation from point to point Is 
as follows: 
Electric railway work. 
Automobile work. 
Launch work. 
Agricultural work. 
Mining work. 

Depending upon the nature of 
the application of the motor to 
any specific purpose, the char- 
acter of the motor itself is de- 
termined. This is the Influence 
which gives rise to the employ- 
ment oif series, shunt or dllfer- 
pig.i9. DMBwmtf^y.wound Motor entlally wouud machines, taking 

a direct current, or the installation of motors taking an alternating 
current 




Starting a Motor 

To start a motor from a condition of rest requires the employment 
of a device which will not permit more than the proper quota of cur- 
rent to pass through. In a series motor a resistance Interposed be- 
tween the line and the motor will prove sufficient. In a shunt motor 
it is necessary to take certain precautions in this direction, so as to . 
limit the flow of current through the armature. Enough time must 
elapse from the moment the current is turned on until the resistance 
is cut out, to permit the armature to develop sufficient back electro- 
motive force to act as a restraining Influence upon the current. The 
correct function, therefore, of the resistance is to act as a substitute 
for the counter electromotive force. It must be remembered that the 
field windings of a shunt motor are. connected across the line and take 
their energy directly from the circuit. The armature will be con- 
nected in the same way after the motor is running; but until the 
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motor is developing enough counter electromotive force, a resistance 
is kept in series with the armature, as shown in Fig. 20. First when 
the speed is high, is it deemed safe to gradually cut it out. It is thus 
evident that both field and armature are in multiple with the line re- 
ceiving the full pressure, but the armature is protected from excessive 
current when starting, by a resistance in series. 

As an example, suppose that the armature itself has a resistance 
of 0.02 ohm. If no starting resistance were employed, and a 110 volt 
current were sent through the armature, the strength of the current 
would be 110 -^ 0.02 = 5500 amperes, which would be destructive to 
the windings of the machine, causing short circuit. A starting resist- 
ance or rheostat, frequently also called starting box, is therefore 
employed to prevent the strength of the current to rise beyond a 
reasonable value. 

If a resistance box of from 10 to 20 ohms is selected, to put in circuit 
with the armature, then, even though the armature does not revolve 
very fast, only 5 or 10 amperes can get through in the beginning, and 
the danger of a short circuit is removed. After the armature speeds 
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up, however, the resistance is cut out, the counter electromotive force 
bringing about the proper adjustment between the load and the cur- 
rent consumption. If in the case under consideration, the counter 
electromotive force is equal to 109 volts, then a voltage of 1 volt, with 
an armature resistance of 0.02 ohms, will send a current of 50 amperes 
through the armature winding at full load. 

It is evident that the resistance used must bear a definite relation 
to the capacity or horsepower of the motor. Hence, rheostats are 
termed, for example,' 110 — 2 H. P. resistance boxes, or whatever the 
voltage and horsepower may be in each case. 

It should be understood that the current a motor takes is largely a 
question of its efficiency. For instance, a 10 horsepower motor will 
take a theoretical current of 74.6 amperes at 100 volts pressure. The 
total watts are 10 x 746 = 7460; but if the efficiency of the motor is 
not high, it will take more watts in proportion, which with given pres- 
sure would mean more current. The amount of current required by 
a series of mooters of 10 horsepower apiece at varying efficiencies could 
easily be tabulated. Such a table would be exceedingly instructive 
in showing the relationship between efficiency and the consumption of 
power. It is not difficult to estimate that a motor of low efficiency 
win waste In a certain period of time, an amount of power, the cost 
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of which will compare readily with its own cost In other words, if 
a motor is cheap because its construction makes it inefficient, it is for 
that very reason dear, because its power consumption makes it ex- 
pensive. A high efficiency motor is therefore cheapest, though its 
first cost may be greater. Another point of great interest is that of 
speed. Small power users are peculiarly addicted to the habit of over- 
loading motors. Jacobi many years ago enunciated the principle that 
a motor is doing its maximum work when its speed is one-half its nor- 
mal speed, through being loaded down. At this rate of speed and load, 
it has only 50 per cent efficiency. It is therefore consuming twice as 
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much power as it should, and the cost of operation is doubled. While 
it is true that a motor can do more work if overloaded, it does that 
extra work on a very wasteful basis. It is not wise, therefore, to place 
a strain beyond the normal rating upon any motor, unless it be for the 
purpose of bridging over an emergency for a short period of time. 

Circuit Breakers in Motor Service 

The possibility of sudden overload with the resulting inrush of 
current has been the reason for introducing the circuit breaker, or 
electro-magnetic switch, for the protection of motor as well as dynamo 
lines. The electro-magnet and switch, of which it is composed, are 
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simple enough in general construction, but the electro-magnet must be 
sensitive to a certain value of current, so that if this point is passed, 
the switch will fly open and disconnect the motor from the line. The 
switch is so constructed that when it flies open, its action is sudden 
and arc-less. The circuit breaker is a substitute for the old time fuse, 
whose dangerous volatilization was an ever present risk of flre during 
a temporary short-circuit. Motor and dynamo circuits protected with 
circuit breakers are like boilers supplied with safety valves weighted 
down with a certain number of pounds. In one case steam pressure 
will set the valve into sudden operation, in the other case an overflow 
of current. 

A line connecting to either a motor or generator may be protected by 
the installation of a single pole (see Fig. 21) or a double pole (see 
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Vlg. 22. Motors with Donble-pole Olronit Breakers 

Fig. 22) circuit breaker; by this is meant a circuit breaker which is 
inserted in only one leg of the line involving a single pole, or one 
engaging both wires or poles. 

Commercial Bfflciency 

The rating of motors for commercial efficiency is based upon the 
tests to which they are subjected. The tests are simple in character 
and may be deflned as a method of establishing the ratio between the 
power taken out in a mechanical form to the power sent in, in an elec- 
trical form: 
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mechanical energy obtained 



electrical energy supplied 
The motor is supplied with an ammeter and voltmeter to measure 
the electrical energy sent in, as indicated in Fig. 23. A tachometer or 
speed meter is utilized for getting the number of revolutions of the 
armature per minute. A dytiamometer or brake is used for measuring 
the pull on the pulley or shaft of the motor. If the pull on the dynamo- 
meter or brake is taken at a certain rate of speed, it will be accom- 
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panied by a certain current consumption, the voltage remaining the 
same. This data is used for determining the efficiency as follows: 



Mechanical H.P. = 



Pull in pounds X length of brake arm 
in feet X rev. per min. X 2 X 8.1416 



33,000 



Electrical H.P.=- 



Amperes X volts 



Efficiency = - 



746 
Mechanical H.P. 



Electrical H.P. 

The efficiency Is obtained in this manner for all such loads as run- 
ning idle, quarter load, half load, three-quarter load and full load. 
The speed, amperes, and pull, will vary in each case, the amperes and 
pull naturally very much more than the speed. 
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BLBOTRIO RAILWAYS 

The inventors of electric railway appliances may be counted In mul- 
titudes, and their work in the aggregate has been the means of develop- 
ing the possibilities of electric roads to their present high state. It 
must not be believed, however, that perfection has been reached as 
yet; far from it. Yet Judging from present conditions, the most 
definite lines of the problem have been laid down, and further work 
will be mainly in the line of secondary improvements. The first re- 
corded American inventor in this field was Davenport, who built a 
small model of an electric car running on tracks, very crude, yet 
operative, and thoroughly crystallizing the fundamental principles of 
electric railroading. Among the first applications of the el^tric motor 
naturally would be that of applying it to some purposes of traction. 
Jacobi applied an electric motor run by batteries to the running of a 
small boat on the river Neva, and the same idea was followed by 
Trouve in France on the Seine. It was found possible to operate tri- 
cycles and small four-wheeled vehicles by electricity, and then a small 
electric car. The experiments carried on in the initial stages of 
electric traction were destined to expand, because of the rapid increase 
of population in large cities, which called for some efficient and safe 
as well as rapid means of locomotion. The laboratory experiments and 
scientific tests soon became matters of public interest, and the question 
of whether the application of an electric motor to a railway truck 
would prove a success was soon answered in the affirmative. 

SystemB of Blectric Beads 

A number of systems of electric roads have been designed whose ulti- 
mate object was the solution of the street car problem. Some of 
them have been tried with every sign of success at the start and have 
failed, others have been failures in the beginning, but are now estab- 
lished successes. The four principal systems to which general reference 
is made are: 

1. — The overhead trolley system. 

2. — The third-ratl system. 

3. — The open conduit or slot system. 

4. — The storage battery car system. 

The overhead trolley system is of American origin. It consists of 
one, or sometimes two wires, suspended over the track and carrying 
the current. The overhead wire is placed at a sufficient height so that 
it will not affect street traffic in any way. Poles for supporting the 
wire are placed either along each side of the street, or in the center 
of the street between the two tracks in double-track systems. When 
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only one overhead wire is used the return is through the rails. When 
two wires are used the return is through one of the wires. The over- 
head trolley system is the cheapest to install and maintain, and with 
proper care in erection and maintenance it is safe and durable. The 
main advantage of this system is, of course, the small first cost, and the 
comparative ease with which it can be kept in repair. The chief 
objection to the overhead trolley system has been on grounds of its 
appearance. But this objection can be largely overcome by making 
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Flff. 24. PiinolpAl Bleotrlo Railway Systems 

the poles supporting the wire of ornamental appearance, and using 
them for arc and incandescent lighting purposes as well. 

The third rail system differs from the overhead trolley system in 
that the current is transmitted through a rail laid on one side of, or 
between, the tracks. In the open conduit or slot sylBtem, a continuous 
bare conductor is placed underground in an open slatted conduit 
between the rails, the current being taken off from the conductor by 
some sliding or rolling contact carried on the cars. The storage bat- 
tery car system, as the name indicates, depends for its motive power 
on storage batteries charged with current from a central station. In 
this case it is evident that the car becomes independent of line con- 
ductors. 
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It is not difficult for the reader to realize that a selection of the cor- 
rect system, from among those mentioned, suited to the special needs of 
cities and to suburban use, was a matter calling for the greatest dis- 
crimination. It has been pretty well settled in New York that the 
open conduit is best suited to the peculiar requirements of a large 
city, where it is imperative to place all wire underground, thus ex- 
cluding the overhead trolley entirely. The storage battery system was 
in operation for a few years under the title of the Julian system, but 
it did not succeed on account of the wear and tear of batteries, the 
difficulty of handling the same, and the possibility of breakdowns in 
the midst of busy thoroughfares. The weight of the storage battery 
added to the problem, with the result that a continuation of the experi- 
ment led to great financial sacrifices. Of late, however, the experi- 
ments have been successfully resumed with the Edison storage battery. 

The open conduit system was a failure for many years because of 
the imagined difficulty of keeping the conduit clean, and because of 
the impracticability of many new devices introduced to make it a suc- 
cess. Insulation, drainage and a system of manholes for inspection 
were the elementary considerations. Along with them came the cor- 
rect development of a solid and effective method of construction. Sewage 
connections were made adequate to drain the conduit, and a sub- 
stantial form of insulator was introduced to support the two rails act- 
ing as conductors within the conduit. Ducts with feeders were laid 
along the tracks, and thus the various, and at one time, apparently in- 
surmountable obstacles, were overcome. The peculiarities of street 
car service are such that a car must start rapidly, yet without too sud- 
den acceleration. To accomplish this successfully, powerful motors 
with properly designed controllers, are installed in the cars. 

Having now reviewed in a general way the conditions of electric rail- 
way systems we will examine the most important systems in detail. 

The Overhead Trolley 

The cars in the overhead trolley system are fed with current from 
the trolley wire and tracks. The trolley or pole ends in a trolley 
wheel which presses against the trolley wire and completes the cir- 
cuit. The trolley wire, of No. size Brown ft Sharpe gage, Is supported 
above the track by means of wires and poles which hold it over the 
middle of the track. The rails are electrically connected by copper bonds 
which join adjacent ends. Both trolley wire and tracks are reinforced 
at intervals by means of additional supply wires called feeders. The 
current enters at the trolley wheel, passes down the trolley and enters 
the motors via the controller. The name' controller is obviously the 
best that could be chosen, because by means of this device the current 
supply is controlled and the speed and power of the motors properly 
regulated. The pressure employed for trolley car service is generally 
550 volts. This is not supposed to be of sufficient strength to destroy 
human life, although many instances have been recorded of such un- 
fortunate circumstances. 
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The trolley wire is made of hard drawn copper and the wires stretched 
across the track from pole to pole are called span wires. The trolley 
wire is also supported from brackets attached to or forming part of 
the posts, which are partly or wholly of metal. The construction in 
this respect must be such that the trolley wire, though firmly held, is 
still elastic At various points along the trolley line, where the 
traffic la heaviest, the wire is connected to feeders. It is also con- 
nected to feeders at those portions of the system furthest removed from 
the power house. These more or less distant points do not suffer so 
much from heavy traffic as from the effects of heavy drop. As each 
car takes from 50 to 150 amperes, depending upon Its load and speed, 
and as the resistance of a few miles of wire, however large in size, is 
quite an item, it becomes evident that the degree of drop in voltage 
win be quite a percentage of the total pressure. This would cause the 
cars to run slow for two reasons— first, because the voltage is low, and 
second, because the current is less because the voltage is low. The 
series motor Is controlled, as regards its pull and speed, by Just such 
conditions as those described, which can be incorporated into the gen- 
eral statement that where series motors are concerned, as already men- 
tioned in the previous chapter, the following rules apply: 

1. In a series motor the pull increases if the current Increases and 
the pull decreases if the current decreases. 

2. In a series motor the speed increases if the voltage at its armature 
terminals increases, and its speed decreases if the voltage at its arma- 
ture terminals decreases. 

Suppose six miles of wire are considered of an average resistance 
of ^ ohm to the mile; this would give a total resistance of 3 ohms. If 
one or two cars are consuming about 150 amperes at this point, the 
drop in the line equals 3 X 150 = 450 volts. It is easy to realize how 
completely a trolley system would fail under these conditions. In 
fact, a dozen cars would be the means of causing so complete a drop 
that practically no available energy would reach this distant point. It 
Is no exaggeration to state that In a large city a trolley system is 
an Impossibility unless hundreds of tons of copper, in the form of 
feeders, are employed to carry current all along its circuit. The trolley 
wire, therefore, is not actually carrying the whole electrical energy, 
but the feeders. The problem is one of reducing the drop to a certain 
practical minimum, which involves one of the heaviest investments in 
electric railway engineering. 

Bonding 

All that is required in ordinary railroad practice is to firmly secure 
the rails together mechanically by means of fish plates. This method 
of Joining steam-road rails is mechanically good, but for electric rail- 
way service it is unsatisfactory. Rust soon prevents a good contact, 
and the result is a high resistance Joint A series of such defects 
would rapidly use up the voltage when a heavy current is required; 
hence, an electrical contact is secured by means of lionding. To bond 
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the rails means to establish connection between them by means of a 
heavy- flexible copper wire or cable. The ends of this wire or stranded 
cable are riveted into the rail, the rivet and Joint being proportioned 
with respect to the current which passes. The rails when bonded rep- 
resent two long lines of electrical conductors upon which the wheels 
turn and also complete the circuit through the motors from the over- 
head trolley wire. 

Another method of bonding is to run a wire or cable along the middle 
of the track and attach wires to it from the rails. In other instances 
the wire laid between the tracks zigzags from rail length to rail length 
and establishes connection. The most ideal method, however, is to 
weld the rails into one continuous track. Track or rail welding is 







Flff. 25. Methods of Bonding 

the most satisfactory in the end for all the reasons which appeal to 
the electrical expert. The other methods though good are subject to 
conditions which eventually destroy their integrity. If the resistance 
at any one bonding averages up 1/100 of an ohm, then 1000 bonds give 
a resistance of 10 ohms. As this is duplicated on the other track as 
well, and as this track is in multiple, the net resistance would be 5 
ohms. Reducing the average resistance of any one bond will still give 
for the aggregate resistance a very high figure. The most Important 
difficulty lies in the fact that bonding steadily depreciates in quality. 
Iron and copper form a voltaic couple, which helps to increase the bad 
effects of general corrosion due to ordinary causes. A current of 1000 
amperes given up by the line at any particular spot, due to a block 
of cars and the almost simultaneous starting of a group of them, 
would cause a very heavy line drop unless the resistance is exceed- 
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Ingly low. It Is readily seen that a resiatance of 1/10 of an ohm means 
a drop of 1/10 x 1000 = 100 yolts. On a 550 volt circuit this means a 
loss of nearly 20 per cent of the total voltage. Examples of different 
methods of bonding are shown in Fig. 25. 

Electrolysis and Bad Bonding 

The energy which is not conducted through the tracks will pass 
through all the available gas and water pipes in the neighborhood. The 
statement found in Ohm's law, that the current is directly proportional 
to the electromotive force and inversely proportional to the resistance, 
explains why the current will leak away from the tracks whenever the 
bonding is bad and take into its circuit water and gas mains. In 
passing from one to the other of these, the moist earth acts as the 
electrolyte and the pipes as the electrodes of an electrolytic cell. The 
metal is carried from point to point from the outer walls of the pipes 
as shown by the deep pitting which results. Thus the effects of poor 
bonding are manifested in two ways, through loss of power and through 
electrolysis. 

In very wet weather these results are exaggerated, and the general 
leakage tbroughout the systems rises to very high figures. The two 
most readily controlled difficulties, however, are those found in a poorly 
fed trolley wire and a badly bonded track. 

Double Overhead Trolley Systems 
The double wire trolley system has been adapted only In a compara- 
tively few cases in order to avoid all electrical disturbances in the 
returns. The system consists of two overhead wires, one positive and 
one negative, and two trolley wheels and poles. The current arrives 
at the motors via one wire and trolley, and returns to the power 
house via the other trolley and wire. The installation is more expen- 
sive than that of the single overhead conductor system, and difficulties 
are met with at junctions and crossings. 

The Switch and the Controller 

The current from the line after having passed through the trolley 
wheel and pole first passes a switch placed over the motorman's plat-' 
form in ordinary street cars. At the other end of the cair there is 
another switch, both switches being in series with each other. The 
current after having passed through the switches is led to a mechanical 
circuit breaker, so that the current can be automatically cut off in 
case of extreme overload, without causing injury to the motors. 

The speed of rotation of the motors driving the car, and hence the 
speed of the car itself, is regulated through a controller operated by 
the motorman. By means of this controller and its rheostat the current 
can be so regulated and distributed to the motors that their power 
and speed can be regulated at will by the motorman. It may be ex- 
plained that a rheostat is an adjustable resistance which enables the 
current to be brought to a standard or fixed value by adjusting the 
resistance. The term is generally applied to a quickly variable resist- 
ance, the varying values of which are known. 
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The controller has heen simplified in the last ten years until it has 
reached a point which approximates perfection. The car motors are de- 
signed with reference to the speed of the car, its weight and accelera- 
tion; the controller is designed with reference to the starting and 
stopping of the car, the current consumption, and the control of the 
circuits. If two series motors are considered, it is readily realized that 
the sudden throwing on of the power would result in probable accidents 
to those on board the car. The suddenness with which the car will 
start is largely dependent upon the current passing through the mo- 
tors. If they are at rest, and the current Is fully turned on, aside from 
the action of automatic circuit breakers, it is evident that with no 
counter electromotive force, an enormous current would tend to flow. 
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This would start the car with a jerk. The current governs the pull 
of the motor, therefore to avoid too rapid a development of torque the 
current must be introduced to the motors through the medium of re- 
sistance. A variety of connections must be made and unmade, so as 
to gradually bring the motors from a condition of rest to one of rapid 
motion. In the first step considerable resistance is interposed, and in 
the last both motors are in multiple across the circuit. Between 
these two extremes exists a series of steps or com.t^inations as follows: 

MOTORS IN SBRIBS 

1. — Motors in series with a resistance and with each other. 
2. — Motors in series with less resistance and with each other. 
3. — Motors in series with still less resistance and with each other. 
4. — ^Motors in series with each other (no resistance in). 
5. — Motors in series with each other and fields shunted. 
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6. — Motors in parallel with each other and resistance in. 

7. — Motors in parallel with each other and less resistance in. 

8. — Motors in parallel with each other and still less resistance in. 

9. — Motors in parallel with each other and no resistance in and 
fields shunted. 

These comhinations are the ones effected by the General Electric K2 
street car controller. As can be seen from the description given in 
conjunction with the combinations, it is of the series parallel type. 
There are really a series of combinations produced between 5 and 6 
which are called intermediate connections. These are the connections 
which throw the motors from series into parallel. The equivalent of 
these combinations are given in diagrammatic form in Figs. 26 and 28, 
and represent the foundation on which is built the controller largely 
employed in New York, for street car, elevated and subway service. 
The combinations 1, 2, 3, 6 and 7 call for the use of the rheostat. 




^ Maehtnery.N.Y, 
Fig. 27. Contacts of Street Car Controller 

while combinations 4, 5, 8 and 9 do not; therefore, the former must 
never be used for any great length of time to run the car, while the 
latter are allowable. It is obviously wasteful to run a car with re- 
sistance in series, and this rule applies also to the intermediate posi- 
tions lying between 5 and 6, which are cases where the rheostat is In 
circuit. Fig. 27 shows the controller contacts. In Fig. 28 the arrange- 
ment of the reversing switch is also shown, the movement of which 
to the right or left reverses the direction of rotation of the motors. 

To sum up, the requirements for electric railway service, in general, 
are: 

1.— «The voltage along the system both in the tracks and trolley wire 
is sustained by means of feeders. 

2.— The current, in starting, is introduced into the motor by an ever- 
fncreasing value by means of the controller. 

With a uniform voltage along the line the speed will not drop, and 
with a uniform type of motor and with a scientifically constructed 
controller the ultimate motor torque will always be at a high figure. 
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Lonsr Distance Electric Roads 
The adaptability of the overhead trolley system to long distance 
roads is evident from even a superficial examination of practical condi- 
tions. The greater the distance between the power house and the end 
of the road, the greater the cost of the system. This is true particu- 
larly with the old established method of using a direct current of 550 
volts and an elaborate feeding system to reinforce the voltage and 
current. The capital invested per mile of track, including the cost of 



77> ! I I I ! I 




\t.iM^in'tri},H*Y, 



FtflT. 28. Wiring Dlaifram of Street Car Motors and ControUer 

the power house, is the factor which in many respects limits the length 
of a line. Electric roads can be built to reach as far out into and 
across the country as steam roads, but the expense attached is high. 
Thus it becomes evident that engineering projects can only become 
established as definite propositions if their cheapness as well as prac- 
ticability can be demonstrated. Long-distance roads must present the 
feature of high speed. In this respect the adaptability of the motor 
is unquestioned. 

Within city limits the sj'stem in vogue is based upon the idea of sub- 
stations. The power originally generated is converted into a high 
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voltage alternating current which is distrlhuted to a series of sub- 
stations or transforming houses. From these, feeding lines radiate to 
different points of the electric road, sustaining the voltage, and leading, 
if necessary, to the end of the road. The longer the line, the more 
numerous become these subsidiary stations. This method of sub-sta- 
tions is the one which has exerted an extraordinary influence upon 
the development of electric roads for street railway purposes within 
large cities. It has paved the way for a normal development of the 
electrtc street railway system; the flexibility of the alternating three- 
phase system aided by the application of rotary converters has placed 
electric railroading upon a broad and efficient basis. 

The requirements of a long-distance road can be tabulated as a series 
of conditions imposed by the financial and scientific aspects of the 
problem; they are: 

1. — ^High voltage for transmission. 

2. — High insulation for the trolley line. 

3. — ^Low cost per mile of road. 

4. — Simple devices to control the car. 

5. — Construction of a most durable character. 

Though but part of the long list that a close inspection of the propo- 
sition would indicate, these items are the most important. To meet the 
first requirement in a practical and economical manner, experiments 
have been directed along the lines laid down by alternating current 
practice. It can be stated almost as a certainty that any great ad- 
vancement made in electric railroad work will be by means of the 
direct application of the single-phase alternating current. 

Third-rail and Overhead Trolley Compared 

Comparison is frequently a better means of presenting ideas than 
mere description. The only difference between a third-rail and an 
overhead trolley system might be best expressed by the statement that 
one is an overhead trolley and the other is a ground trolley. In fact, 
no actual difference exists except in this respect, either in the character 
of the machinery employed or the transmission and distribution of the 
power. The advantage of solidly supporting a live conductor, namely, 
the third-rail, where it cannot fall, is counterbalanced by the difficulty 
of insulating it and its direct danger to the public. The third-rail is 
best suited to elevated structures, to stretches of protected track, to 
tunnels, etc. Tabulating the statements made, the case is presented 
as follows: 

I. ADVANTAQBS OF THB THIRD-RAIL II. DI8ADVAMTAOBB OF THB THIRD-RAII. 

Solidity of construction. Difficulty of getting good insulation. 

Cheapness of construction. Danger to life. 

Better conductivity. Exposed to snow and rain. 

Greater durability. . Requires frequent bonding. 

Accessibility. 
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III. APPLICATIONS OF THE THIRD-RAIL 

Elevated structures. 
Protected stretches of track. 
Tunnels. 

In contradistinction to these factors are the advantages of the over- 
head trolley system, with the elimination of the necessity for bonding 
and the important question of the safety of the overhead trolley as far 
as life and limb are concerned. The question of insulation is obviously 
an open one, with greater advantages on the side of the overhead con- 
ductor. Climatic conditions, such as the effect of long continued rains, 
snows, and sleet storms, are obviously bad in both cases. At best, 
the overhead system is comparatively delicate, and unquestionably 
doubtful where long stretches of road are to be equipped. Constant 
inspection would be one of the only remedies for this, backed up, of 
course, by the use of the strongest and most reliable construction and 
material. 

The Spracrue Multiple Unit System 

Whether trolley or third-rail is employed, the system of coupling 
and uncoupling carried out in a steam road, must be duplicated in any 
electric system which hopes to successfully compete in the open field. 
The Sprague multiple unit system presents an important feature — 
the possibility of connecting an electric car to another, or a third or 
fourth, and having but one motorman exercising control over the entire 
train. This remarkable feature of electric control, the ability to couple 
up electric cars, each equipped with their own motor, and all under 
the management and subject to the will of one man, has greatly fur- 
thered the development of electric train service. Both the elevated and 
underground systems employed in New York, are of the multiple unit 
system. 

Electrical Systems for Regular Railway Service 

Three important electrical systems are in use for regular railway 
operation. These systems are: 

1. — The continuous- or direct-current, usually spoken of as the "third- 
rail" system, which employs alternating current for transmitting power 
when the distance is considerable. 

2. — The three-phase alternating current system with two overhead 
trolley wires. 

3. — ^The single-phase alternating current high-tension system with a 
single overhead wire. 

A notable case of the latter system is the installation on the New 
York, New Haven and Hartford Railroad, where the motors and con- 
trolling apparatus are arranged to utilize single-phase current from 
an overhead trolley wire at 11,000 volts, and also to be operated by 
current from the 650-volt third-rail system of the New York Central and 
Hudson River Railroad. This installation demonstrates the wonder- 
ful flexibility of alternating current apparatus. The locomotive used 
on the New Haven road is provided with four motors each of 250 
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horsepower nominal capacity. The motors are of the gear less type, 
that is, the armature of the motors is placed directly on the driving 
shafts. 

The reasons given for the use of the single-phase alternating current 
system and its advantages for heavy traction service are stated as 
follows: Alternating current Is used on account of its facilities for 
transformation. One trolley only is required, and with alternating 
current and one trolley wire, any desirable voltage can be used on the 
line. The type of motor employed can have its speed varied by varying 
the voltage supplied to it, and uses power practically in proportion to 
the load. The motor is of the variable speed type, and automatically 
adjusts its speed to that of the other motors driving the same load. 
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The locomotives of the New York Central and Hudson River Rail- 
roads also have their four driving motors applied directly to the wheel 
axles so that no gearing is required. The motors are 550 horsepower 
apiece, giving an output of 2200 horsepower, available at the wheels. 
A speed of 70 miles an hour is readily acquired by these locomotives, 
and a speed of 90 miles an hour may be obtained under favorable 
condition. The total weight of this locomotive is 97 tons, of which 
70 tons is on the driving wheels. While the rated power is 2200 horse- 
power, the output can be increased during acceleration of the train to 
3000 horsepower. 

The Pennsylvania Railroad has installed unusually powerful loco- 
motives for their tunnel service in and around New York City. The 
starting requirements of these locomotives are unusually severe in 
that they will be called upon to start a train of 550 tons load on the 
tunnel grades under the Hudson River, which grades are approximately 
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CHAPTER I 



ARC LAMP LIGHTING 

Electric lighting has progressed with wonderful rapidity during the 
last two or three decades. Totally distinct systems have become merged 
Into one, and power transmission has become a stepping stone to elec- 
tric lighting proper, alternating currents being transmitted and con- 
verted into direct currents without difficulty. In fact, the greatest 
operating systems found in New York and other large cities in the 
United States combine high-pressure alternating power transmission 
with low-pressure direct-current distributing systems. 

One of the earliest Investigators of electric light was Sir Humphrey 
Davy, who in 1810 produced the first electric arc of any magnitude. 
DuHng the middle of the last century considerable experimenting was 
done for producing a satisfactory arc lamp, but the attempts were not 
successful, chiefly on account of the lack of a satisfactory source of 
electricity, the battery being the only source of power. The invention 
of the Gramme dynamo in 1870 made new investigations and inven- 
tions possible. The Jablochkoff electric light was first introduced in 
1876, and from this time the development of electric light has been 
very rapid. The incandescent lamp was used merely as a laboratory 
apparatus up to 1878, when a lamp was produced consisting of a plati- 
num spiral in a vacuum. The first successful carbon filament lamp 
was made in 1879. 

Electric lighting may be done either with an alternating or a direct 
current. Often an alternating current is used for the transmission 
lines, and is converted Into a direct current at the point of distribution. 
There is no essential difference as far as the lamps and lighting are con- 
cerned, the sole difference being in the power plant and distribution. 
For smaller systems a direct current generator is often employed. The 
lighting may be done by means of a constant-current or by means of 
a constant-potential system. Dynamos suitable for the generation of 
these currents are termed constant-current and constant-potential dyna- 
mos, respectively. Constant-current dynamos are designed for the 
purpose of supplying energy to arc lamps, and constant-potential dyna- 
mos for the purpose of supplying energy to incandescent lamps. 



Arc Lamps 

The light in arc lamps is produced by two carbon rods which are con- 
nected in an electric circuit so that the circuit is closed by the contact 
of the tips of the carbon rods. When after such contact the carbon 
rods are again separated, the electric circuit is not broken if the space 
between the carbons is not made too great, and an arc of light will be 
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formed between tbe two poiDts. The light emitted is due to the in- 
tense heat of the tips of the carbon rods, and also, to a smaller degree, 
to the arc itself. 

When direct current is used for arc lighting, most of the light is 
produced by the end of the upper or positive carbon rod, or electrode, 
which acquires a hollow center known as the crater of the arc, as shown 
in Fig. 1. This crater, which throws the light downward, has a tem- 
perature of from 5,500 to 6,000 degrees F., a temperature that is high 
enough to vaporize carbon. The lower or negative carbon rod or elec- 
trode becomes pointed at the same time as the positive one is hollowed 
out The carbons are consumed by the passage of the current, the posi- 
tive electrode being reduced in size about twice as fast as the negative. 

When an alternating current is used for arc lamps the upper carbon 
becomes alternately the positive and the negative electrode, and in this 
case no crater is formed; but both electrodes become pointed and the 
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two electrodes give off about the same amount of light and are con- 
sumed with about the same rapidity. The great illuminating property 
of the ci-ater in the direct-current arc, however, is lost, and the light 
given out by the alternating current arc is thrown upwards as much as 
downwards, which makes it necessary to use a reflector in order to take 
advantage of the full effect of the light produced. 

Requirements in the Operation of Arc Lamps 

It is evident that as the carbon rods are consumed, some arrange- 
ment must be provided for maintaining the tips at the proper distance 
apart, so that the current can flow continually without interruption. 
The mechanism for maintaining the distance between the carbons must 
be automatic, and must perform four distinct functions, as follows: 

1. — The carbons should be in contact or be brought into contact when 
the current begins to flow through the lamp for the production of light 

2. — Immediately after the current has commenced to flow, the carbon 
rods should be separated a certain distance for forming an arc of light 
between the points. 

3. — The carbon rods should be fed forward at the same rate as that 
at which they are consumed. 
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4. — ^When the carbons are entirely consumed, the circuit should be 
either opened or closed, according to the manner of power distribution ^ 

used. 

There are a number of different mechanisms used for producing the 
results desired. They all depend upon the action of a solenoid — ^that ' 

is, a soft iron core enclosed in and magnetized by a coll of wire 
through which an electric current flows — which acts against the 
force of gravity or against springs. In one type of mechanism, called 
the shunt-lamp type, the carbons are held apart until the current is 
turned on, and a solenoid Is connected across the gap thus formed. 
When the current is turned on, it passes first through the solenoid coil, 
and the plunger or core of the solenoid forces the carbons together, 
thus starting the arc. The springs are so adjusted in relation to the 
pull of the solenoid that the carbons are separated again and the arc ' 

maintained at its proper length. | 

In another type called the series-lamp mechanism, the carbons are in 
contact when the current is turned on, and the current, flowing through 
a pair of solenoid coils in series, separates them immediately, thus pro- i 

ducing the arc. The distance between the carbon electrodes is main- 
tained by the fact that when the arc becomes too long, the resistance j 
to the current is increased so that the strength of the current is low- 
ered, and the pull on the solenoid weakened. Thus the carbons will 
feed automatically together by gravity until equilibrium is again estab- I 
lished. ! 

In a third type of mechanism, called the differential type, a combina- 
tion of the two previously mentioned types is used. The carbons are 
in contact when the current Is turned on, and series colls are used for 
separating them, while a shunt coil of the same type as used in the 
shunt lamp, and which is connected across the arc, prevents the elec- 
trodes from being pulled too far apart. 

The mechanical methods used for securing and feeding the carbons 
may be divided into two classes, known as the rod feed and the carbon 
feed. In the rod-feed type of lamp the upper carbon electrode is sup- 
ported by a metal rod, to which the regulating mechanism is attached. 
The current is fed to this rod by means of a sliding contact. In the 
carbon-feed lamps the controlling mechanism Is connected directly to | 

the carbon by means of a kind of releasing clutch which grips the car- 
bon when it is to be lifted, but releases its grip when the tension is i 
released. ' 

Types of Arc Ijamps 

An early type of lamp, called the double carbon lamp, employed two 
pairs of carbons which were used for the purpose of increasing the life 
of the lamp. In this type the two sets of carbons were so arranged 
that when one pair of the carbon rods was consumed, the other pair 
went into action. Later improvements in arc lamp construction have 
made this type obsolete. The old type of arc lamp consumed about 10 
amperes at 50 volts. The new type, with a closed globe, as shown in 
Fig. 2, takes about 12 amperes at 80 volts. The older type was built 
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with the carbons burning in the air, while the newer and improved type 
has Ibem enclosed in a small globe supplied with a valve. When the 
oxygen in the air is consumed inside of this ^obe, only carbon monox- 
ide and nitrogen remain, which are perfectly neutral gases as far as 
combustion is concerned. The result is that there is no further oxida- 
tion of the carbons, and the period of their usefulness is increased from 
the 8 or 10 hours common in the older designs to from 100 to 150 hours 
in the most improved designs. The increase in power required through 
the introduction of the later type is counterbalanced, in a financial 
sense, by the saving in labor in renovating the carbons, and, to some 
extent, by the saving In the carbons themselves, although, as we shall 
presently see, some of these advantages are offset to a serious degree 
by other considerations, and, in some respects, at least, the advantages 
are more apparent than real. 

The BndoBed Type of Arc Ijamp 

In the enclosed type of arc lamp the access of air is restricted, as 
already mentioned, and in consequence of this all the oxygen contained 
in the enclosure is consumed shortly after the arc is struck and the 
contents within the enclosure is converted into carbon monoxide gas 
which is unable to support further combustion. The carbons then 
slowly volatilize, and the arc is maintained across the heated carbon 
vapor. The enclosure, however, is not made fully air-tight, as such an 
arrangement would be difficult to maintain, but the access of air is 
carefully restricted. Owing to the fact that there is practically no 
burning of the carbons, a much longer arc can be employed than that 
used in the open type, and hence a correspondingly higher difference 
of potential between the lamp terminals. The carbons remain practi- 
cally fiat at the ends instead of acquiring the pointed negative and 
coned positive electrode shape found in the open type. 

For a given power, however, the enclosed type of lamp gives rather 
less ligbt than the open form, and while the carbons last much longer, 
it must be remembered that only carbons of the best quality can be used 
for enclosed arc lamps. Cheaper carbons, such as would give good 
results in an open lamp, cannot be used for the enclosed type, because 
it is found that after a few hours' run, a thick white coating, consist- 
ing chiefiy of silica, deposits itself over the inner surface of the enclos- 
ing glass covering, and this coating absorbs a large proportion of the 
light. Hence a more expensive carbon must be used, so that the sav- 
ing in the actual cost of carbons is not as great as might l)e expected, 
while, of course, the cost of attention and trimming is largely reduced. 

Due to the fact, however, that the carbons last so much longer in the 
enclosed type of lamp, there is a tendency to neglect the lamps until 
they require fresh carbons, and when the globes become coated with 
more or less thickly deposited silica, a considerable amount of the light 
is absorbed, so that the efficiency of the lamps is reduced. To avoid 
this the globes must be regularly cleaned, and this, in effect, reduces 
materially one of the chief advantages of the enclosed arc, as it takes 
nearly as much time to properly clean the globes as it would to replace 



Digitized by LjOOQIC 



ARC LAMP LIGHTING 7 

the carbons. The direct-current open type arc lamp also burns very 
steadily when once a proper ci^ter has been formed, but the enclosed 
lamp has a rather unsteady arc which wanders around the edges and 
over the faces of the carbon ends; hence in many cases the inner and 
outer enclosing globes are made of opalescent glass, especially when a 
steady light is essential. The advantage of not having to replace car- 
bons except at long intervals, and the consequent elimination of the 
risk of the lamps going out frequently because of burnt out carbons, 
constitutes, however, a more valuable feature than these defects, and 
the enclosed arc lamp has practically superseded older forms. 

When the current running through an arc lamp is increased beyond 
a certain value for any given size of carbons, or when the arc of the 
lamp is reduced beyond a certain point, a peculiar hissing noise is 
heard, and the light produced is materially diminished. The hissing 
continues more or less irregularly until the length of the arc has been 
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re-established or the current diminished. In direct-current lamps, the 
positive carbbn is frequently made with a core of softer carbon having 
a lower specific resistance. This assists in the formation of a good 
crater and thus is conducive to steadier and better burning of the 
lamp. 

Current Supply for Arc Lamps 

Arc lamps can, as already mentioned, operate either by direct current 
or alternating current and may be connected either in series or in mul- 
tiple. There are, of course, still a great many open lamps used, but 
almost all lamps used in connection with alternating current or in con- 
nection with constant-potential direct current, are of the enclosed type. 

The open arc lamps are always connected in series, the current being 
usually produced by a constant-current dynamo which is series-wound 
so that the current developed in the armature passes through the out- 
side series circuit and then through the field windings back to the arma- 
ture again. The illustration Fig. 3 clearly shows the simple character 
of this system. In the series system of electric lighting each arc lamp 
requires a certain current and pressure in order to give the candle 
power expected. 
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The arc lamps for constant-potential direct-current systems are simf- 
lar to those used for direct-current series systems, but must be provided 
with a resistance connected In series with them. By this means the 
voltage of the arc is kept at its required value. The lamps for alter- 
nating-current circuits are similar in construction to those for direct 
' currents, although they differ In some details. Arc lamps are made 
which can be adjusted so as to operate either on direct or alternating 
current and also at varying voltages. 

When the electric current is produced by an alternator it may, as 
mentioned, either be used directly as an alternating current in the arc 
lamps or be converted into a direct current. When a constant-current 
dynamo Is used for the production of the electric current, some regula- 
tion becomes necessary, and the methods used for this purpose will be 
explained in the following. 

Constant Current Regulation 

The regulation of a series dynamo connected to a series circuit 
requires a method by which the dynamo Is capable of automatically 
increasing or decreasing its difference of potential as the number of 
lamps are Increased or decreased in its circuit. If, for Instance, 20 
lamps of the older type were employed, each lamp requiring 50 volts 
and 10 amperes, a current of 10 amperes and 1.000 volts must be sus- 
tained, and the dynamo is required to automatically regulate its volt- 
age and current if one-half or one-quarter of the lamps are cut off. 
This means that if 10 lamps are on the circuit 500 volts only are 
needed, 15 lamps, 750 volts, etc., as under all these circumstances of 
change the 10 amperes remain constant. The problem is that of a cir- 
cuit in which, with every increase of resistance, an increase of voltage 
must take place. The means employed for the regulation of the volt- 
age of a dynamo can be classified under the following heads: Increas- 
ing or decreasing the speed, increasing or decreasing the ^ines of force, 
and increasing or decreasing the armature conductors. 

It is quite evident that it is not practical to attempt to change the 
speed to suit each particular voltage. The other two methods given 
liave, however, been successfully carried out The varying of the mag- 
fiftlc field is done by means of a resistance placed across the terminals 
of the field winding, so controlled by automatic means that when 
^reftter voltage is required, this resistance Is Increased, and when less 
y^lUffe Is required, the resistance Is cut down. 

Shunting tlie Field 

The theory on which the method of changing the field strength is 
based, is as follows: If greater voltage is required of the dynamo, it can 
be generated if more lines of force are supplied to the rotating con- 
ductors. If an electro-magnet is placed in series with the outside cir- 
cuit, a temporary increase or diminution of current caused for an In- 
stant by the lamps being increased or decreased in number, will make 
the coil a stronger or weaker electro-magnet. If the coil attracts a 
core of soft iron, which is attached by the proper mechanism to a pair 
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of carbons dipping into water, as shown in Fig. 4. and if the mechan- 
ism operates In such a manner that when the magnet is strengthened 
the carbons dip deeper, and when the magnet is weaker the carbons 
are lifted out, then the object is accomplished of weakening the field 
strength by shunting the fields when the pressure is too high outside, 
and increasing the field strength by .lifting the carbons out when the 
outside pressure is too low. Tracing the circuits will show that the 
carbon rods dipping into the water offer a resistance which is greater 
or less across the field terminals according to the strength of the cur- 
rent in the main circuit. When the carbons dip deeply, current from 
the field passes through in such strength that the ampere turns are cut 
down and a smaller voltage is generated. When the carbons are lifted, 
less current passes through this liquid rheostat and more through the 
fields. In other words, the arrangement represents an adjustable re- 
sistance. The method outlined is theoretically correct, but the difficulty 
of adjusting the carbon rods and the resistance caused it to be super- 
seded by the method described below, where the regulation is effected 
by shifting the dynamo brushes. 




Tiff. 4. An«iiffMii«nt Ibr Shonttaiff th« Ftold 

The conductors of an armature can only give out their full electro- 
motive force if the brushes on the commutator are properly adjusted 
for collecting it. There are points on the commutator where a pair 
of brushes can collect the maximum and minimum pressure. This is 
readily discovered in an ordinary shunt dynamo where the shifting of 
the brushes to different parts of the commutator increases or lowers 
the pressure a great many volts. Examination of the armature wind- 
ing discloses the fact that the commutator is so connected to its con- 
ductor that the brushes can take off the pressure at a point where the 
electromotive force is low as well as at a point where it is high. In 
fact, between points 90 degrees apart from each other, the commutator 
can give the highest and lowest pressure of the armature. Hence a 
cutting down or raising up of the armature difference of potential can 
be accomplished by moving the rocker arm of the dynamo to which the 
brushes are attached either by hand or automatically. In arc light 
practice it Js accomplished automatically by means of an electro-magnet 
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connected to the main circuit, as shown in Fig. 5. The current passing 
through the string of arc lamps actuates this coil and through it the 
core which it energizes. The core is so arranged that it moves the 
rocker arm of the dynamo according to the pull exercised upon it hy 
the electro-magnet If the current in the magnet is very great, the 
rocker arm is pulled over quite a distance, and in consequence the 
brushes take the pressure from different points of the commutator. 
When the magnet is not pulling very hard, the current in the main 
circuit is normal, that is to say, an' adjustment has taken place between 
the resistance represented by the arc lamps and the voltage supplied 
to the line by the dynamo. This continuous adjustment is only brought 
about efTectually by means of an electro-magnet sensitive to a rise or 
fall of the normal current and its consequent reaction upon the position 
of the brushes through the medium of the rocker arm. 

Pressures as high as 6,000 volts have been used in high-tension direct- 
current lighting. The character of the current is pulsating, the throb 
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or pulsation being very effective in keeping the high-tension arc lamp 
mechanism in good adjustment. The candle power of arc lamps may 
be rated as either spherical or horizontal. The spherical candle power 
is the amount of light distributed on all sides of the arc. Light meas- 
ured on a horizontal plane is the effective candle power produced. 
Means are employed to reflect as much of the light as possible down- 
ward, and thus increase the effectiveness of the lamp as a source of 
illumination. In arc lamps used on alternating current circuits a re- 
flector is necessary on account of the constant reversal of the arc. 
During one alternation the crater of the carbon is above, during the 
next below. The result of this is the continuous shifting of the light 
upward and downward and hence the necessity for a reflecting device 
of some descrlpion lo preserve a uniformity in the degree of horizontal 
illumination. 

Flaming Arc Lamps 

If metallic salts which readily volatilize at a relatively low tempera- 
ture are added to a hollow or cored carbon, having a metal strip for a 
core, the character of the arc produced between the electrodes of an arc 
lamp is changed to a marked degree. The metallic vapor between the 
terminals lowers the resistance between the electrodes, and hence a 
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longer arc Is made possible, the character of which is such as to pro- 
duce considerably more light per watt than that of the ordinary arc 
lamp. Lamps of this type are called flaming arc lamps. It is claimed 
by the manufacturers of these lamps that one flaming arc lamp is suf- 
ficient to replace five regular enclosed arc lamps. In order to fully ap- 
preciate the illuminating qualities of the flaming arc lamps, the follow- 
ing comparison of the watts required per candle power by different 
kinds of lamps may be of interest. . 

Wsttsper 
Cuidle Power 

Carbon fllament incandescent lamps 3.1 to 4.0 

Tungsten fllament incandescent lamps 1.2 to 1.5 

Enclosed arc lamps 1.0 to 2.1 

Flaming arc lamps 0.25 

These figures are subject to modiflcation, but will be found accurate 
for average conditions. The tantalum lamp consumes from 2 to 2.5 
watts per candle power, and therefore occupies a place between the car- 
bon fllament and the tungsten lamp, the latter being, in regard to econ- 
omy of current, the closest competitor of the arc lamp of all the incan- 
descent lamps. 

The mechanism of flaming arc lamps has been modifled to meet cer- 
tain requirements which they present. It has been found impractica- 
ble to operate electrodes containing metallic salts one above the other, 
bence the established practice is to have both electrodes pointing down 
in an inclined direction, and so arranged that they converge to a point 
where the arc is struck. (See Fig. 6.) As no obstructions are below 
the arc, this further increases the efficiency, does away with all shad- 
ows, and gives a most excellent distribution of the light. 

In some cases where the regular arrangement of the carbon has been 
retained, th^ lower carbon is made heavier, is saturated with the metal- 
lic salts, and on direct-current circuits is used as the positive carbon. 
The light is thrown down by means of a small reflector surrounding 
the upper carbon. 

Flaming arc lamps burn either two in series on a 110-volt circuit or 
four in series on a 220-volt circuit. Because of the liability of one lamp in 
a series going out and thus affecting the circuit, a device is added to 
each lamp so that a defect in one lamp will not open the circuit and 
thereby interrupt the other lamps in the same series. To accomplish 
this, an extra resistance is supplied which is equal to the normal volt- 
age drop at the arc, which is automatically inserted when the arc fails 
and thus keeps the circuit closed. 

Cost of Operation of Flaming Aro Lamps 

While the flaming arc lamp is of high efficiency and in many respects, 
from a light standpoint, possesses advantages over practically all other 
types of lamps, it should not be assumed that flame lamps may be indis- 
criminately installed, and always give economical results, due espe- 
cially to the fact that carbons for flaming arc lamps are very much 
more expensive than ordinary arc lamp carbons. Each case must be 
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investigated on its own merits, and in general flame lamps will be 
found more economical in ultimate cost where large areas are to b« 
lighted or where smoke, dust or vapor is present. 

In order to obtain a correct conception of the economical advantages 
of the use of flaming arc lamps, a concrete example may be analyzed. 
Assume that 40 flaming arc lamps are used to replace 200 enclosed 
lamps. Assume further that current costs 2 cents per kilowatt-hour, 
and that the enclosed arc lamps consume 132,000 kilowatt-hours per 
year, while the flaming arc lamps consume but 26,400 kilowatt-hours. 
The saving in current, then, would equal 105,600 kilowatt<hours, equiv- 
alent to a value of $2,112. 

The labor of trimming would be about equal, as the flame lamps re- 
quire trimming flve times as often, but only one-flfth as many are used. 
The carbon expense would be increased by $1,540, but repairs and 
other items of expense would be but one-flfth of those for the enclosed 
lamps. A clear saving is thus shown, even at the very low cost of cur- 
rent assumed, and the saving would be greater where current costs 
more. Further, the saving on the power plant would in many cases be 
a feature of predominating importance, as that amount of power could 
be utilized for other purposes. 

A considerable saving is also made possible in new installations 
through the far less extensive system of wiring required, due to the 
fewer lamps used, to give an equal illumination. The same applies also 
to the size of the power plant, which can be proportionately less when 
flaming arc lamps are installed. The purposes for which these lamps 
are especially adapted are for the lighting of shops and factories, street 
lighting, dock lighting, and under certain conditions, for store lighting. 

The disadvantages of the flaming arc lamp are that the carbons are 
expensive, require frequent renewal, as compared with t^e enclosed 
type of arc lamp, and that the globe becomes coated on the inside with 
a deposit, which requires frequent cleaning. As regards the life of the 
carbon, the maximum is given as 24 hours, with carbons 16 inches long. 

Flaming arc lamps of ordinary size give from 3,000 to 4,500 candle 
power. 
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INOANDBSOBNT LIGHTING 

Lighting by means of incandescent lamps Is by far the most common 
type of electric lighting used. The current for the lamps may be either 
alternating or direct current. In a direct-current system the dynamo 
employed may be either shunt- or compound-wound. When electric 
lighting is conducted on a large scale, as in the case 'of stations which 
supply an entire city with electricity for light as well as for power, 
low-tension direct-current lighting is commonly combined with a high- 
tension two- or three-phase alternating current distributing system. 
This latter system Is employed in order to increase the economy of 
transmission to points more or less distant from the original generat- 
ing plant. 

The Incandescent Lamp 

The Incandescent lamp is based upon the principle that when an elec- 
tric current Is sent through a conductor of high resistance, the con- 
ductor is heated. If the current, material for the conductor, and other 
conditions are such that the conductor will be heated until it becomes 
incandescent and hence gives out light, this combination embodies the 
principle of the incandescent electric lamp. The material for the con- 
ductor in ordinary lamps is carbon, which is formed into a small thread 
called the filament. Some lately developed lamps employ metallic fila- 
ments, and these lamps will be referred to in a later chapter. Carbon 
filament lamps, however, are as yet the most commonly used, the car- 
bon having been selected for two reasons. In the first place, it is capa- 
ble of standing the very high temperature required, or about 2,350 de- 
grees F. In the second place, as a conductor of electricity it presents 
the required resistance, which In an incandescent lamp varies from 150 
to 200 ohms. In addition, it does not deteriorate too rapidly when In 
use. 

There are three features relating to the incandescent lamp which are 
of importance in connection with Its use. These are the life, candle- 
power and efficiency of the lamp. The average life of an ordinary 16 
candle-power lamp is from 600 to 800 hours. By efficiency of an incan- 
descent lamp is meant the power in watts required per candle-power. 
This efficiency generally has a value between 3 and 4. In other words, 
a 16 candle-power lamp will consume anywhere from 16 times 3 to 16 
times 4 watts to produce its light. Experience has taught that any in- 
crease In the normal candle-power, or decrease in the power consumed, 
is only gained at the expense of the life of the lamp. Regulation, as it 
18 called, that Is to say, the preservation of a uniform potential in the 
entire system of electric lighting is, therefore, necessary if any rela- 
tionship is to be kept between the light produced, the power consumed 
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in producing it. and the life of the lamp. A fall of a few volts In the 
generator means a reduction of between 20 and 30 per cent in the 
candle-power of the lamps. A rise of a few volts will send so much 
more current through the lamps and so increase the candle-power that 
the life or durability of the lamps Is reduced. The great increase in 
current with an increase of only a few volts is due to the lowering of 
the resistance of the carbon as its temperature rises. A hot carbon con- 
ducts much better than one that is cold, and when, as in the case of a 
carbon lamp filament, incandescence is reached, it becomes very sensi- 
tive to a slight increase in pressure. 

Power Consumption and Life of Lamp 

The two factors, power consumption and life of lamp, are very closely 
associated. In the 500th hour of the life of the lamp, it usually will be- 
gin to grow dim and then either new lamps or a higher voltage would 
be required. If a higher voltage is sent over the line the power con- 
sumption becomes very much greater. For instance, with 1,000 lamps, 
each requiring 50 watts, a total of 50,000 watts would be required when 
the lamps are new. But if the same lamps should give the same 
amount of light after they have commenced to grow dim, the power per 
lamp would rise to, say 64 watts, and a total of 64,000 would be re- 
quired; the difference, 14,000 watts, represents such an increased cost 
in the production of electricity that it would become more expensive 
than lamp renewals. Again, if the voltage is not increased, the lamps 
will burn very dimly, and Instead of giving 16 candle-powers, the light 
would be only about 12 candle-powers or thereabouts; thus equal power 
would be consumed at the plant for producing only 75 pei cent of the 
light, which, of course, would be poor practice. Hence it will be under- 
stood that there is a certain point in the life of the lamp when it Is 
more economical to replace the lamp with a new one than to continue 
to use the old one with its decreased candle-power. A decrease of about 
80 per cent in the candle-power is commonly assumed to indicate the 
point at which the lamp ought to be replaced. 

As regards the influence of the voltage on the life of the lamp, the 
following ligures may be of interest. An increase of about 3 per cent 
In the voltage reduces the life of lamp by about one-half, while an in- 
cireaee of only 6 per cent causes the useful life of the lamp to fall to 
only one-third of Its value at the normal voltage; hence it is evident 
that it Is of extreme importance that the voltage of the current sent 
Into the line remains at a definite point, so that there will be neither a 
vdrlatlon in the lighting properties of the lamps nor a decrease in the 
length of life of the lamps. 

The voltage ordinarily used for incandescent lamps depends to some 
extent on the method of distribution of the power. Ordinarily 110 or 
220 voltfi pressure i^ used. When the higher voltage mentioned is em- 
|tloyf?d, the Ulamenis should be long and slender and lamps of less than 
9Wor should not be used. The selection of lamps depends to 
extent upon their efficiency. Lamps of an efficiency of 
fs, lamps taking about 3 watts per candle-power, require 
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that the voltage be very carefully regulated at a constant value. Lamps 
taking 3.5 watts per candle-power permit a variation of 2 per cent from 
the maximum voltage, and when the voltage regulation is poor, lamps 
of an efficiency of 4 should be employed. The values mentioned are for 
lamps on 110- volt circuits; 220-volt lamps should be given a lower ef- 
Aciency in order to obtain a longer life. 

Besrulation of Shunt- and Compound- wound Dynamos 

The machines best suited to the service of supplying an incandescent 
system with its energy are the shunt- and compound-wound direct-cur- 
rent dynamos. It Is most common to use compound-wound generators 
for smaller private installations, because in this case the dynamo is 
practically automatic in its action, which means that between no load 
and full load — the minimum and maximum of lights — it will preserve 
a comparatively uniform pressure. On the other hand, if a shunt- 
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wound dynamo is installed, every important change in the number of 
lights will necessitate an adjustment of the resistance inserted in the 
Held or shunt winding, in order that the voltage may remain constant, 
which, as already mentioned, is very important. When the various con- 
sumers of the current turn their lamps on or off, the dynamo, sensitive 
to such changes, will vary its terminal or brusti pressure. Constant 
attention is, therefore, required to preserve a uniform potential by de- 
creasing' or diminishing the current in the shunt winding, which is 
done by means of a rheostat and the consequent throwing in or out of 
more or less resistance. The effect of this is indicated in a diagram- 
matical way in Fig. 7. 

It is evident that when the current in the windings of the field is 
increased by cutting down the resistance in the rheostat, the current 
in amperes, and hence, the ampere-turns of the field winding increase. 
The lines of force of the field increase, as does also the electromotive 
force generated by the dynamo. The reverse happens when the resist- 
ance in the field winding is increased. The smaller the shunt-wound 
generator is, the more constant attention must be paid to this regula- 
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tion by means of the rheostat. If the consumption of current is very 
large, as, for instance, in a large city, where the station load may 
reach over 200,000 amperes, then the use of shunt-wound generators 
with rheostat regulation is considered as good practice. In this case 
station assistants are always at the rheostats to meet the rising or 
falling tide of the demand for electricity with a resistance adjusted 
to preserve the constant potential or voltage of the system. Contrary 
to expectations, this is a very reliable method of regulation, and meets 
every requirement 

Elements of a Small Blectrlo Lifirht Plant 
The essentials of a small private electric lighting plant Include as 
mechanical details boiler and engine with accessories, and as electrical 
details the dynamo, switchboard and wiring. The switchboard, in 
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turn, contains the ordinary meters required, circuit breakers, light- 
ning arresters, ground detectors, etc. The dynamo has been described 
in detail in Part III of this treatise. Machinery's Reference Series 
No. 75. The switchboard and the instruments used on it are described 
in detail in Machiz^ery's Reference Series No. 78, 'Trinclples and 
Applications of Electricity. Part VI, Power Transmission." The^switch- 
board performs three functions: it receives the main wires from the 
generator or generators, and distributes or feeds the current thus 
received to the various circuits, and in addition it measures the cur- 
rent both as regards its voltage and its strength in amperes. The 
essential parts of a small electric plant are shown in Fig. 8, the boiler 
with its feed pump being indicated to the right on the lower floor, the 
engine to the left, and the dynamo and switchboard on the upper floor. 
In Fig. is shown the essential parts of a switchboard, consisting of 
three panels called feeder panel, meter or load panel, and generator 
panel, respectively. On this switchboard are indicated the various 
switches and meters. 
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A necessary adjunct to the installation is the lightning arrester. 
Central stations as well as private plants are subjected to the influence 
of lightning or electrical storms, and it is necessary that the electro- 
static discharge is led to the earth before it reaches the generator and 
causes damage to the machinery. The elementary principle of the 
lightning arrester is indicated in Fig. 10. It is provided with either 
an air gap, or a very high resistance path, leading to the earth. This 



FEEDER PANEL 




METER OR LOAD 
PANEL 




GENERATOR PANEL 




MaeMnervJLT* 
n«. 9. BM«atlal Parte of Swltohboard 

air gap does not permit the regular line current to Jump across, but 
the lightning discharge will Jump across, owing to its high potential. 
In order to prevent an arc from being established across the air gap, 
through which the regular current would find its way to the ground 
after the lightning discharge has taken place and started the arc, a 
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magnetic blow-out is provided, which extinguishes the arc. The electro- 
static discharges due to lightning are dangerous because they tend to 
break down the insulation and thus cause grounds and short circuits. 

Systems of Distribution 

While the series system of distribution of current may be used for 
incandescent lighting systems the same as it is used for arc-light 
circuits, as described in the previous chapter, the most commonly used 
systems for incandescent lighting are the multiple or parallel systems 
of distribution. In these systems the lamps are connected across the 
lines leading to the central station or to the sub-station where the 
current is transformed or converted, as indicated in Figs. 11 to 13. 

The most serious difficulty which has to be overcome in the multiple 
systems of lighting is due to the fact that the flow of current in a 
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conductor Is always accompanied by a fall of the voltage due to the 
resistance of the conductor, so that the lamps at the end of the system 
will not have the same voltage impressed upon them as those nearer 
the source of the current. Various schemes have been worked out in 
order to overcome this difficulty. These methods may be classified as 
follows : 

Parallel feeding, conical conductors. 

Anti-parallel feeding, cylindrical conductors. 

Anti-parallel feeding, conical conductors. 

If parallel feeding and cylindrical conductors (Fig. 11) are used, it 
is evident that the voltage becomes a minimum at the lamps at the 
end of the line. When a conical or tapering conductor is used, that is, 
a conductor having its diameter so proportioned throughout its length 
that the current divided by the cross section of the conductor is a 
constant, the difficulty is partly overcome. The constant (current -r- 
cross section of conductor) is called current density. In practice, 
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conical conductors consist of lines having smaller diameter wires in 
the circuit as the current becomes less. In the anti-parallel systems 
(Fig. 12) the current is fed to the lamps from opposite ends of the 
system, so that a balanced condition is thus obtained. 

Two- or Three-wire Systems 
The two-wire system is simply the ordinary system indicated in 
Fig. 11, where the current passes out through one wire and returns 
through the other. A commonly used system, however, employs three 
wires for the circuit, and in some cases even five. In the three-wire 
system, three conductors are used as shown in Fig. 13. As indicated, 
this system dispenses with one wire, connecting two dynamos on three 
wires instead of on four. The positive pole of one dynamo is con- 
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nected to the outer wire, and the negative pole to the middle wire. 
The negative pole of the other dynamo Is connected to the other outer 
wire, and the positive pole to the middle wire. This, in effect, gives 
two dynamos in series, the middle wire being called the neutral wire. 
The other two wires, one on each side of it, are respectively the posi- 
+ 




(y(y©(yCy©(y(y 



©©(y(y(y(y(y(y0 



FIff. 18. Thr—-'wlf Syctom of ZMstribatton 

tive and negative wires, as shown in Fig. 13. These wires are also 
frequently called the outer legs of the system. The general arrange- 
ment of the connections at the dynamos is indicated in Fig. 14. 

AdvBntaffes of the Tbree-wlre System 
The advantages of the three-wire system are found in the saving of 
copper, and the increased flexibility of the system through the use of 
different voltage for lamps and for motors also fed with current from 
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the same supply. Between the middle or neutral wire and the outer 
leg on either side may be found a pressure of about 110 volts. Between 
the two outer wires double this pressure, or 220 volts, is on tap for 
motor service, although It is not good practice to feed motors directly 
from a lighting circuit. Take the case of 50 lamps taking % ampere 
apiece, fed respectively by a two- and a three-wire system for purposes 
of comparison. On this basis 50 lamps require 25 amperes, and a two- 
wire system would have to supply a wire of sufficient cross-section in 
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circular mils to carry this current with the small loss in pressure 
expected. The formula for this size of wire is given as follows: 

numher of feet of wire X amperes X 12 

Circular mii8 = 

volts drop 

[The area of copper wires is usually given in circular mils. By a 
circular mil is meant the area of a circle 0.001 inch in diameter. 
Square mils are sometimes used for expressing areas. A square mil 
is the area of a square whose side measures 0.001 inch. One square 
mil equals 1.27 circular mil. The diameters of copper wires used as 
conductors are usually given in the American or Brown ft Sharpe 
wire gage.] 

If in the above case the circuit is 100 feet in length and a drop of 
2 volts is allowed in the wire, then the calculation will give 

200 X 25 X 12 

Circular mils = = 30»000. 

2 

If the two-wire system calls for a wire of 30,000 circular mils for 
60 lamps taking ^ ampere apiece with a 100 foot run and a 2 volt 
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drop, calculation will show a smaller wire for a three-wire system of 
lighting with Just as many lamps. In a three-wire system the lighting 
must be balanced, that is to say as many lamps must be placed on one 
side of the neutral wire as on the other. This will mean 25 lamps on 
each side of the neutral wire, as indicated in the upper view of Fig. 
15, which represents 25 groups of two lamps apiece. The two lamp 
groups are connected across from the positive to the neutral wire, and 
from the neutral wire to the negative wire. Examination will show 
that the 220 volts will send i^ ampere through every two lamps in 
series. The neutral wire In this case, when the circuit is perfectly 
balanced, performs no service. If there were 25 lamps on one side 
of the neutral wire and 26 on the other, as shown in the lower view in 
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Fig. 15, then it would carry the current of one lamp, namely ^^ ampere. 
A neutral wire, in a three- wire system, therefore, carries only the 
difference in current between one side of the neutral wire and the other. 
Consequently, if the circuit is balanced it carries no current at all. 
This is the case with 50 lamps burning on the three-wire system, and 
only 12^ amperes are required at 220 volts pressure, which, with the 
same length of run, 100 feet, and the same drop, 2 volts, according to 
the formula calls for an area in circular mils of 



200 X 12.5 X 12 



= 15,000. 



In interior house wiring, for only the three-wire system, three wires 
of this size should be used. This means, in comparison, that the two- 
wire system would require two 100-foot wires of 30,000 circular mils 
apiece, and the three-wire system three 100-foot wires of 15,000 cir- 
cular mils apiece. A 100-foot wire of 60,000 circular mils would repre- 
sent the equivalent of the first, and a 100-foot wire of 45,000 circular mils 
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the equivalent of the second case. The saving would be thct difference 
between 60.000 and 45.000 or 15,000 circular mils, which is 25 per 
cent. If the neutral wire, as is the case in the system employed in the 
conduits laid in a city's streets, is not as large as the outer legs, and 
it is easy to see that it need not be, the saving in copper is much 
greater, because here, the neutral wire, carrying only the difference in 
balance between one side of the circuit and the other, can be compara- 
tively very small for balanced circuit. The wiring contractor must 
see that such a balance exists in planning out the circuits. A certain 
small difference in balance in the aggregate must of course be taken 
up by the neutral wire, through consumers turning lights on and off, 
which makes a perfect balance all of the time an impossibility. 

Combination of Two- and Three-wire Circuits 
In private houses and public buildings where electric light plants 
are installed it may become necessary through a break-down of the 
plant to throw in the street service. A difficulty here presents itself 
unless the wiring conforms to the system in the street. If it is a 
simple alternating current system, it may be thrown on without hesi- 
tation, provided it is of the same pressure as the lamps require. If 
the street system is a direct-current three-wire system and the wiring 
of the building is according to the two-wire system, then the wiring 
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must be composite, that is, suited to both a two-wire and three-wire 
system of lighting. All of this is easily accomplished if the building 
has been wired according to the three-wire system, only the neutral 
wire must be of twice the cross-section of the two outer legs. It can 
then be used for either purpose without any change whatsoever. A 
large double-throw switch is necessary to connect at will the street 
service or the source of private supply, as shown In Fig. 16. 

Losses in Circuits 

Wires carrying electricity from point to point dissipate energy to 
an extent dependent upon the current they carry and their resistance. 
This waste of power appears in the form of heat. An incandescent 
lamp is a good illustration of this when in use. The resistance of its 
carbon filament is sufficiently great with the current passing through 
it to raise it to incandescence. In the same manner, although not to 
the same extent, a conductor is heated by the energy it contains, and 
a certain percentage of power disappears. This can be regarded in 
two ways: first, as caused by lost voltage or drop, and second, as due 
to the energy wasted as heat. To calculate the first, or the voltage 
lost, this formula is employed: 

Volts lost = amperes in wire X resistance of wire. 

If the lost voltage is multiplied by the amperes, the watts wasted 
in the wire are obtained. Again, the power which generates heat can 
be calculated by the formula: 

Watts wasted in heat = amperes X amperes X resistance of wire. 

These two results will be the same, as shown by the following 
example: Take a wire of 10 ohms resistance carrying 2 amperes, then 
the volts lost = 2 X 10 = 20 volts, and the watts wasted = 2 X 20 
= 40 watts. If the watts wasted in heat are calculated by the other 
method the result is: watts wasted = 2 X 2 X 10 = 40, or the same 
figure In both cases. One is obtained by the product of the drop in 
volts by the amperes, the other by the square of the amperes by the 
resistance. As there are 746 watts to a horsepower, the percentage 
of a horsepower wasted in the conductor can be readily obtained. 

Where many lines are in use carrying power, the loss is consider- 
ixble, particularly when the current is heavy. The loss increases rap- 
Idly as the current increases. In the case just stated, if the amperes 
are raised from 2 to 4 the watts wasted increase from 2 X 2 X 10 to 
4 X 4 X 10, equalling respectively 40 and 160 watts, a ratio of 
4 to 1 with only twice the current. Therefore, if the resistance of a 
line remains the same and the current is doubled, tripled or quad- 
rupled, the waste of power is increased 4, 9 and 16 times, respectively. 
Reducing the current in conductors transmitting electricity for light 
and power and increasing the pressure is, therefore, the logical con- 
sequence. To accomplish this successfully In electric light practice 
lias been one of the most difficult problems. It has been solved by a 
flexible system of rotary converters, by means of which a high-poten- 
tial alternating current is changed into a direct current of low poten- 
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tlal, or by transformers In which the high-potential alternating cur- 
rent is changed Into a low-potential current of the same kind. 

TransmlBBion and Distribution of Electric Current 

The methods and apparatus used for transmission and distribution 
of electric current are described in detail in Machinery's Reference 
Series No. 78, "Principles and Applications of Electricity. Part VI, 
Power Transmission.*' In the following, therefore, only a brief review 
of the methods employed will be given. The function of a central 
station is the generation and distribution of electricity for electric 
light and power service, but it must operate as well as a power trans- 
mission plant in order to distribute its energy with economy over an 
increasing radius. For this reason it must be equipped with apparatus 
by means of which it can both distribute electricity at low potential 
within a considerable radius of itself, and also transmit energy at 
a high pressure to certain points relatively far removed, and there 
have that energy undergo a process of transformation to low pressure 
preparatory to its distribution. The delivery of heavy amounts of 
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energy one or more miles away with little loss, thus creating a new 
center of distribution, is accomplished as follows: 

The central station is supplied with two classes of machinery: one. 
which generates the current at low pressure, continuous and ready for 
distribution; the other, which transforms it into a high-pressure alter- 
nating current for transmission, prior to ultimate distribution at a 
distance. The low-pressure direct-current generators supply an area 
in the immediate neighborhood by means of the three- wire system. 
They also supply energy to rotary converters, which are machines 
representing a combination of a motor and dynamo in one. On one 
side the machine receives a low-pressure direct current which operates 
it as a motor; it gives out an alternating two or three-phase current 
at a somewhat higher pressure. This result is obtained by means of 
two armature windings, one of which is for continuous and the other 
for alternating current. A commutator is connected on one side of 
the machine to the direct-current winding, and collector rings on the 
other side to the alternating-current winding. 

Not only will a direct current rotate the armature and thus generate 
on the other side of the machine a two or three-phase alternating cur- 
rent, but if a two or three-phase alternating current, as the machine 
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may require, is sent in at the collector rings, the resulting rotation 
will develop a direct current at the commutator. Thus a rotary con- 
verter is capable of taking In a direct current and giving out an alter- 
nating current, and, conversely, it can take in an alternating current 
and give out a direct current. It is for this reason invaluable in the 
transmission of power. 

The alternating current given out by the rotary converter is prac- 
tically the full equivalent of the energy sent in ixl the shape of a 
direct current. This alternating current is received by a transformer, 
which it enters at a few hundred volts and leaves at a pressure of 
many thousands, but otherwise still unchanged in character. In this 
manner, an alternating current of high pressure is sent over trans- 
mission lines either underground, in conduits, or overhead, to re- 
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inforce distant stations or to create at new points what are called sub- 
stations. The general arrangement of the power station, with its gen- 
erator, converter and transformer, is shown in Fig. 17. 

The Sub- station 

The current, which can be considered, for purposes of illustration, 
as 6,000-volt three-phase, is now received at the sub-station to undergo 
a new process of transformation. To outline the previous process in 
the station itself, it is only necessary to consider a 110 or a 220-volt 
direct current entering the rotary converter and issuing as a 300 or 
600-volt three-phase alternating current. This current is sent into 
the transformer and emerges at 5,000 volts and goes over the line. 
In the sub-station are again to be found stationary or static trans- 
formers and rotary converters. The power is received in the trans- 
formers at 5,000 volts and issues at 300 or 500 volts. It is then directed 
into the rotary converter, from which it issues as a continuous cur^ 
rent of 110 volts and feeds into the three-wire system. The essential 
details of a sub-station are shown in outline in Fig. 18. The trans- 
formers which raise the pressure are called step-up, and those which 
lower it step-down transformers. 
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THE INCANDESCENT LAMP AND ITS 
MANUFACTURE 

Much of the development of electric lighting plants In the United 
States Is directly attributable to the Incandescent lamp. Nearly all 
Indoor electric lighting Is done by this means. Arc lights are employed 
almost exclusively for outdoor Illumination. The incandescent lamp 
has passed through a system of evolutionary processes of manufac- 
ture, and its origin, first appearance, and the present methods of manu- 
facture will be briefiy reviewed in the following. 

First Experiments 

The heating of a wire in a glass bulb, from which some air had been 
removed, led to the further experiment of exhausting the bulb still 
more and noting the increased brilliancy and durability of the wire 
under these conditions. The glass bulb provided with electrodes con- 
nected with a metal wire was first used in laboratory experiments for 
the purpose of demonstrating the peculiarities of a static charge in a 
vacuum. The need of an air pump of a better quality than those com- 
posed of a cylinder and piston made itself felt, and led to the inven- 
tion of the mercury vacuum pump. By means of this device, a much 
higher vacuum than that ordinarily obtained can be secured by letting 
mercury drop down a tube to which the bulb to be exhausted is at- 
tached. Small amounts of air are successively removed in this manner 
until, by continuing the process, the air pressure in the bulb is reduced 
to a very small fraction of an atmosphere. 

The mercury method of obtaining a good vacuum stimulated inquiry 
in the inventive field with regard to the incandescent lamp. The first 
lamp of this type was constructed by Grove, who used a platinum wire 
inside of a glass bulb and connected it to a number of batteries, thereby 
raising the wire to a white heat. The vacuum in the bulb served to 
free the wire from the presence of oxygen and the effects of radiation 
of heat into the air, which would otherwise be surrounding it. This 
form of lamp, however, could not be used for commercial purposes, for 
two reasons. In the first place, it was too expensive, due to the cost 
of platinum; and. In the second place, the platinum wire filaments 
could not Ipng resist the high temperature due to the current. In 
fact, while the light became brighter the more current was sent through 
the wire, a point was soon reached where the platinum would melt. 
The experiment, however, of raising platinum wire to a high point of 
Incandescence which gave rise to a brilliant light, although of a tem- 
porary and expensive nature, led to further efforts to make a device 
more permanent as a light producer. 
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The name of Edison in the United States and that of Swan in Eng- 
land are closely connected with this stage of the history of the incan- 
descent lamp, and it Is curious to note how their experiments in many 
respects paralleled each other, although the ocean lay between the two 
laboratories, and great, secrecy attended the work of each. The plati- 
num wire proposition was rejected after a while, as was also, for the 
time being, the hope of using metals or metallic alloys of any descrip- 
tion for the filaments. Edison followed the idea that the filament 
should have a granular structure and be composed of carbon. Swan 
believed that it should be of homogeneous nature, if its properties were 
to make it durable. Thus following different lines of Investigation, 
one discovered in bamboo a good material from which, when carbon- 
ized, filaments for lamps could be made. The other treated threads 
with acid, and with subsequent carbonization accomplished equally 
good results. A patent for a lamp made according to the principles 
outlined was granted to Edison on January 27. 1880. and read In part 
as follows: 

"An electric lamp for giving light by incandescence, consisting of 
a filament of carbon of high resistance, made 1^ described and secured 
to metallic wires as set forth. 

"The combination of carbon filaments with a receiver made entirely 
of glass, and conductors passing through the glass, and from which 
receiver the air is exhausted for the purpose set forth." 

Other lamps containing improvements tending to advance the possi- 
bilities of incandescent lighting were invented by Edward Weston, 
Hiram Maxim and Moses G. Farmer. The introduction by Maxim of 
the hydro-carbon method of treating the filaments, which will be de- 
scribed in detail later, was one of the most important inventions In 
lamp manufacture, and is to-day considered as an indispensable element 
in the success of lamp manufacture. 

The use of carbon for a lamp filament was in itself a discovery of 
no mean importance. It was led up to as a result of conclusions aris- 
ing from considerations of temperature and vacuum. Metals melt 
readily at a certain degree of heat. Carbon, on the other hand, is 
very difficult to soften by heat, and its volatilization takes place in a 
very slow and limited manner. Carbon is, therefore, especially adapted 
to fill a unique place In incandescent lighting and possesses the addi- 
tional advantage that it does not deteriorate at the high temperature 
to which it is subjected, nor will it become consumed unless air is 
present. A careful regulation of the current, and of the heat of the 
carbon, hence constitute the correct working condition. 

Another reason why carbon is peculiarly suited for filaments of 
incandescent lamps is its high resistance, although it is true that the 
fact that its resistance rapidly lowers with an increasing current is 
one of the strongest arguments against it. In other respects, how- 
ever, it was long found incomparably better than metals of any de- 
scription, although of late metallic filaments have been introduced suc- 
cessfully for incandescent lamp manufacture. 
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Filament Manufttoture flrom a Solution 

The original methods of making filaments have naturally undergone 
radical improvement. The bamboo strip is no longer employed, neither 
is the thread treated with acids, but a semi-liquid or viscous nitro- 
cellulose solution* has taken the place of nearly all of the former fila- 
ment bases. This is a product obtained by dissolving cotton wool of 
good quality in barrels of zinc-chloride solution. This solution is 
made of a consistency of a syrup, and is utilized for commercial pur- 
poses by forcing it through an aperture in a die or plate, from which 
it issues as a fine thread. The technical term "squirting" is used for 
this method of manufacture, which has become the generally adopted 
plan. 

The fine continuous thread produced by the squirting process is put 
into a vessel containing alcohol, in which it is permitted to remain 
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for twenty-four hours for the purpose of dissolving and thoroughly 
freeing it from the zinc-chloride solution. When all traces of this 
solution have been removed, the squirted cotton threads must be freed 
from the alcohol, which is done by placing them in a sink, and per- 
mitting water to run over them for several hours. In this process 
they expand considerably, and in drying they contract and shrink. 
Some device must be employed to prevent them from breaking up in 
drying; one method commonly used is to wind them loosely on drums 
covered with velvet, so that the threads can sink into the velvet as 
they dry. 

One of the serious difficulties met with in the original zinc-chloride 
solution of cotton is the presence of air bubbles contained in it, which 
destroy its uniformity. These are partially removed by agitating or 
stirring the solution, but this means alone is not sufficiently effective, 
and it is therefore common to heat the solution in a vacuum retort; 
this remedy, however, must be most Judiciously applied, and the heat 
regulated, or the solution will suffer permanent injury. Various sub- 
stances were originally tried for the purpose of making a pure and 
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comparatively Inexpensive cellulose useful for filament manufacture; 
they resulted in the ultimate choice of absorbent cotton, a specially 
picked and prepared as well as readily available foundation. 

The filament thread, after being prepared as outlined, U of the gen- 
eral appearance and strength, though of less diameter, than a silk 
violin E string, or the material used for holding fish hooks to lines. 
The next step In the process Is that of cutting up the material into 
lengths and of winding these on formers, giving the desired horse- 
shoe shape of the lamp filament. For mere purposes of comparison it 
may be stated that the most expensive manufactured product In the 
world is a pound of carbon filaments complete. Hair springs for 
watches cost less per pound, although It is still the popular idea that 
in this respect they stand first. 

Carbonizing the Filament 

The process of carbonization belongs to one of the most delicate 
processes in connection with Incandescent lamp manufacture. Pow- 
dered charcoal Is used as a bed and covering for the horseshoe lengths 
o^ the filaments, and direct contact with the air is carefully prevented 
during the subsequent heating and cooling period, which occupies close 
to twenty-four hours. 

The oven in which the future filaments are to be carbonized is grad- 
ually raised to such a temperature that they all become red hot, this 
temperature being about 1.000 degrees F. It is evident that the oxygen 
of the air would rapidly convert the entire mass into ash if permitted 
to act directly upon it, hence the careful sealing of the crucibles con- 
taining the filaments during this process. When removed from the 
crucible after the process is completed, the filaments are hard and 
elastic and appear like fine steel wires. It was originally supposed 
that the carbon of which they are composed Is of very fine grain, per- 
fectly homogeneous, and of an average resistance throughout Tests 
have shown serious differences between filaments in this respect, how- 
ever, and individual filaments are not sufficiently uniform in structure 
to be ready for Immediate use. The practice of "fiashlng," therefore, 
represents one of the important preliminaries to the final completion 
of the filament. 

After carbonization, but before "flashing," the carbon filaments are 
mounted or joined to the wires which lead Into the glass bulb and 
which connect the filament with the outside supply of current These 
wires are secured in a small glass tube. 

The connecting wires, called the leading-ln wires, are made of plati- 
num. This metal was chosen because the coefficient of expansion of 
glass and platinum are about identical. If a metal was used for this 
purpose which expanded more rapidly than glass, it is quite evident 
that the glass would crack, air would filter in. and the lamp would be 
ruined. An equal expansion of glass and leading-ln wires thus elimi- 
nates this danger. Between these wires and the carbon filament ends 
a Junction must be effected by a cement or conducting material which 
will withstand tbe requirements of practice. It was discovered that 
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one of the simplest ways of accomplishing this was to hold the plati- 
num and carbon terminals in juxtaposition, and employ either a carbon 
gas or liquid to supply a deposit at the joint to form the permanent 
connection. Other ways of making a joint between these two elements 
are also used, consisting of the electroplating of one to the other, or 
clamping one around the other, or by means of a cement. Of these 
methods, the use of a carbonaceous paste, or the effecting of a junction 
by a carbon deposit, are most generally in use. 

The Process of Flashing 
A microscopic examination of newly carbonized filaments shows great 
differences in diameter at various parts of the filament and the pres- 
ence of open pores. The idea was suggested, therefore, of heating the 
filament to redness, while exposed to the influence of a gas containing 
carbon. The advantage of this lies in the fact that the carbon of the 
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gas will *be deposited wherever the filament is unduly heated, and 
otherwise it will form a uniform coating, thus removing the drawbacks 
noted. 

Glass receivers, holding a hydro-carbon gas, such as the vapor of 
naphtha for instance, are so mounted that the filaments to be exposed 
to the flashing process can be conveniently inserted and treated, a 
current being meanwhile sent through them, as shown in Fig. 20. The 
greater heat at the lesser diameters means a heavier deposit of carbon 
there than at other points in the filament. The pores fill equally, and 
the filament when withdrawn assumes a metallic luster and springi- 
ness which are regarded as its chief characteristics. 

Ooveming the Besistcuice of Filaments 

Although the flashing process builds up the filament, in the sense 
that it makes it uniform, the process in itself has the effect of reduc- 
ing the resistance in total. In other words, discrimination must be 
exercised in exposing filaments to the current and gas; otherwise the 
resistances will be so varied that it would be impossible to obtain 
lamps of equal wattage and candle power. Thicker filaments than 
others can be kept longer in the gas, and during the flashing, tests of 
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amperes and volts will Indicate the exact value of the resistance. This 
cannot be done successfully when the filament is cold, because of its 
variation in resistance between the two degrees of temperature. • The 
resistance of a 250-ohm filament will drop during the fiashing process 
to 225 or even 212 ohms, and the drop may take place with compara- 
tive rapidity unless the current supply is watched carefully. As the 
filaments before the flashing show great differences in ^resistance, It is 
evident that the commercial requirements make this particular phase 
of the manufacture the most important. The more uniform the ulti- 
mate products of the lamp factory, other things being equal, the 
greater the advantages where efficiency tests for superiority are to 
be made. 

Presence of Foreiffn Matter and Gases 

Volcanic actions seem to fairly represent the general character of 
the minute, but nevertheless similar class of phenomena, occurring in 
a filament undergoing fiashing. Not only may these eruptions occur 
at this time, but when the lamp is finished and in use a peculiar 
yellowish-black coating will collect within the bulb. All of this is the 
consequence of the presence of gas in the filament, held by pores devel- 
oped during the carbonizing process. The original cellulose string is 
uniform in character, and devoid of perforations, cracks or pores. But 
the continued heating yields defects which are partly removed in the 
carbon gas, although experience indicates their presence in the finished 
article. Foreign matter, infinitesimal in quantity, gives rise to equal 
minute explosloils, the effect of which is to coat the interior of the 
lamp bulb with the film already noted. Oxygen gas is to some extent 
retained after the carbonization, but it is supposed to be entirely re- 
moved and absorbed during the fiashing. 

Effect of Flashincr 

The fiashing process is one of the most important steps in the manu- 
facture of an efficient lamp. Siemens & Halske, of Germany, made an 
exhaustive series of tests for the purpose of determining the relative 
merits of the treated and untreated carbon filaments with respect to 
the hydro-carbon or flashing process. Their results are tabulated as 
follows: 



LAMPS "WITH UNTRBATBD CARBONS 



Bumins 




Hours 


Volts 





100 


100 


100 


200 


100 


300 


100 


400 


100 


500 


100 


600 


100 


700 


100 


800 


100 



Current 
in Amperes 

0.687 
0.666 
0.666 
0.664 
0.653 
0.640 
0.634 
0.630 
0.620 



Candle- 
power 
(C. P.) 

24.25 

15.7 

15.3 

15.2 

14.7 

13.7 

13.3 

13.1 

12.5 



C. P. 
per H. P. 

259 
173 
169 
167 
165 
157 
154 
153 
148 



Watts 
per C. P. 

2.8 
4.2 
5.0 
4.4 
4.5 
4.7 
4.8 
4.9 
5.0 
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The results with treated carbons are doubly interesting when the 
column indicating the watts per candle-power are examined, particu- 
larly In connection with the number of hours burning. 

LAMPS WITH TBBATBD CARBONS 
Cukll*. 



BuminflT 




Current 


Kl».) 


C. P. 


Watto 


Hoars 


Volts 


in Amperes 


perH.P. 


perCP. 





100 


0.652 


25.0 


333 


2.2 


100 


100 


0.550 


22.5 


300 


2.4 


200 


100 


0.550 


22.0 


290 


2.5 


300 


100 


0.548 


21.0 


282 


2.6 


400 


100 


0.547 


20.0 


270 


2.7 


500 


100 


0.545 


18.6 


251 


2.9 


600 


100 


0.545 


17.1 


231 


3.2 


700 


100 


0.540 


16.0 


218 


3.4 


SOO 


100 


0.532 


15.3 


210 


3.4 
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Fig. 21. Oomx>arieon b«tw««n Orookae' Radiometer 
and the Inoandeecent Lamp 

Summing up the results, the following data is of interest with re- 
spect to these figures: 

Treated Untreated 

Carbons Carbons 

Decrease in efficiency (per cent) 36.9 57.10 

Decrease in illumination (per cent) 38.8 51.50 

Average illumination, candle-power per lamp 19.67 14.91 

Average output in candle-power, per H. P 264.1 167.70 

Increase in resistance in per cent 3.8 10.80 

The increase of over 30 per cent in light due to the hydro-carbon 
treatment establishes the immense value of this process in the com- 
mercial manufacture and use of lamps. 

Making the Lamp 

The filaments, after flashing, are ready to be enclbsed In a glass 
bulb. This arrangement is a rather old discovery. Sir William 
Crookes invented a "radiometer" consisting of a g^ass bulb with lead- 
Ing-in wires, an account of which was published in the Philosophical 
Transactions of the Royal Society of London about the time that lamp- 
making only existed as an experiment. In this piece of physical appa- 
ratus leading-ln wires of platinum were employed and a vacuum used 
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to develop the maxliAum effect with the Illuminating element. The 
incandescent lamp differs only from this in the use of a carbon horse- 
shoe or high-resistance arch Joining the platinum terminals, as shown 
in Fig. 21. In both figures in this illustration, a is the exhausted 
glass chamber, h is the illuminant or incandescent conductor, c shows 
the leading-in wires of platinum, to which the ends of the illuminant 
are attached, and which are hermetically sealed by fusion into glass 
tubes d. The main conducting wires are attached at e. 

The glass bulbs for the lamps are blown from glass tubing about 
% inch in diameter with walls % inch thick. Afterwards a tube is 
formed on the lower end of the lamp about 3/16 inch in diameter and 
3 inches long, this tube being used for attaching the bulb to the 
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vacuum pump. The filament is then inserted into the lamp and the 
upper end closed around the glass tube in which the leading-in wires 
are held. After this the bulbs are connected to the vacuum pumps for 
exhausting the air. 

The Vacuum Process 

Pumps for the purpose of creating a good vacuum have reached a 
comparatively high stage of development. They are constructed on 
the general principle of the Torrecellian method of producing exhaus- 
tion by means of mercury in a glass tube. If a tube sealed at one end 
and about 40 inches in length is filled with mercury, and then its open 
end is carefully inserted in a deep vessel containing the metal, the 
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mercury will fall away from the upper sealed end to some extent. 
In this empty space is found what was originally called a Torrecellian 
vacuum, a vacuum of a very high degree of exhaustion. 

The pumps originally employed in exhausting the lamps were of a 
type in which a falling column of mercury produced a vacuum in the 
lamp by dropping down a tube to which the lamp was attached. The 
Junction was effected on the side of the tube between the lamp and 
exhaust pump. Qlobules or spaces form between the various sections 
of the mercury column. A systematic process of rarefaction goes on 
until the exhaustion reaches a point where the pressure is but a small 
fraction of an atmosphere. A diagrammatic sketch of this pump is 
shown in Fig, 22. This type of pump, however, is used only for labora- 
tory purposes. For regular lamp manufacture, special mechanical 
rotary air pumps are now employed. 

During the process of exhaustion the lamp has a weak current sent 
through it, only sufficient to heat the carbon and the surrounding air. 
As the rarefaction increases the current is increased, until at the end 
of the process the lamp burns with full candle-power. 

The absence of air around the filament means less immediate radia- 
tion from the incandescent mass to the outside air. The value of this 
is found in the lower current value required to heat the filament to 
incandescence. The lower the current value the higher the efficiency, 
other things being equal. By means of a vacuum a degree of com- 
mercial economy is obtained which lifts the incandescent lamp, light 
for light, to a much higher plane than gas. The relative efficiencies 
may be noted in the following general manner as about 10 per cent 
for the arc light, 3 per cent for the incandescent, and 1 or 1.5 per cent 
for gas. Using a neutral gas in the bulb would mean a subtraction of 
heat from the filament to the outside air. This is not an efficient 
method, and for that reason has been practically discontinued. 

Since the degree of exhaustion must be high, the bulb should be 
heated during the process of obtaining the vacuum, so as to drive off 
any gas which may cling to the glass. Immediately after the pumping 
process is completed, and before the lamp is finally sealed, previously 
introduced chemicals consisting of mercury sulphide or other suitable 
oxygen-absorbing mercury salts are heated in the small tube by means 
ol which the lamp is connected with the air pump, and this serves to 
take up practically all of the remaining oxygen. 

The prevalence of moisture is one of the difficulties in obtaining a 
complete vacuum. In order to make this difficulty as negligible a fea- 
ture as possible, the moisture is largely removed by means of a small 
drying tank attached to the pump. This little vessel contains a vapor- 
absorbing ' mixture, such as sulphuric or phosphoric acid, called the 
drying solution. Lamps using no vacuum have come into the lighting 
field, but in this case the material giving incandescence is an in- 
oxidizable substance. 

After the vacuum process is completed, the glass tip, connecting it 
by an orifice to the exhaust tube, is melted and sealed permanently. 
In actual practice a long string of lamps are treated simultaneously 
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In this manner, the exhaustion and final sealing forming part of a 
rapid process 

After the lamps have been exhausted, they are tested and then the 
metal cap or top is finally attached. Plaster of paris is used between 
the cap and the glass bulb in order to give firmness and solidity to the 
joint proper connections being made with the leading-in wires. The 
lamp is now complete, and is again tested to see that the contacts are 
properly made, after which they are packed in baskets and kept at 
a temperature of 90 degrees F. for four or five days, so that the plaster 
of paris may thoroughly harden, after which they are again tested to 
see that the caps have remained straight during the drying of the 
plaster. When the globes are to be frosted, this is done by holding 
them in a sand-blast. 
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In Fig. 23 the successive processes in lamp manufacture are indi- 
cated. At A is shown the filament as attached to the platinum leading- 
In wires inserted in a small glass tube. It should be understood that 
platinum is used only for the short distance where the wire must pass 
through the glass wall, the platinum wires being not more than % inch 
long. The remainder of the leading-in wire is of copper. At B the 
glass bulb is shown with the filament ready to be inserted, and at C 
the filament is shown in place, the blowpipe being applied for sealing 
up the bulb at the top. At D the bulb is indicated as sealed. At E 
the vacuum pump is connected, and at F the blowpipe is finally applied 
at the lower end of the lamp, and the lamp sealed. Of course, this 
illustration is only diagrammatical and merely serves the purpose of 
indicating the various operations. 

Metallic Filament Lamps 

Metallic filament lamps have been used successfully only during the 
last few years. The first successful metallic filament lamp was the 
tantalum lamp, but the one now most commonly used is the tungsten 
lamp. 

The chief advantages of the tungsten lamp are that tungsten can be 
heated to a very high temperature without fusing, and hence gives out 
a very brilliant light, and that the lamp consumes far less current 
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per candle-power than the ordinary carbon lamp. Edison's first incan- 
descent lamp, using a bamboo filament, consumed from 4 to 414 watts 
per candle-power. The present day carbon filament lamp consumes 
from 3 to 3% watts per candle-power. In the metallic filament lamps 
these figures are considerably reduced, so that the tantalum lamp, for 
example, consumes only from 2 to 2^6 watts, and the tungsten lamp 
from 114 to 2 watts per candle-power. The disadvantages of the tung- 
sten lamp are its higher cost and the fragility of the filament when 
no current passes through it. Owing to the low electrical resistance 
of tungsten, it is necessary to employ a very long filament as compared 
with that in carbon lamps, the filament for a 110-volt lamp, for exam- 
ple, being 30 inches long. This filament is mounted in the lamp on sup- 
ports as shown in Fig. 24. Although tungsten 
itself occurs abundantly in nature, and is a 
comparatively cheap metal, the cost of pro- 
ducing the long filament is the cause of the 
higher cost of the lamp; the fragility is due 
to the fragile nature of the fine tungsten thread 
cmd the unsatisfactory method used for mount- 
ing it in the lamp, which is made necessary by 
the fact that the filament cannot, as y«t, be 
procured in sufficiently long single lengths for 
a whole lamp. 

The tungsten filament is, mechanically, quite 
similar to glass. A slender rod or thread of 
glass hafl great tensile strength and it can be 
bent; the smaller the diameter the more can it 
be bent without breaking. But it is fragile, 
and a slight blow shatters it. When it is warm 
it becomes quite soft. This description applies 
equally to the tungsten filament. Now, either 
a glass or a tungsten rod or filament, if rigidly 
held at one point is much more apt to break 
MachintruJCT, than if looscly supported. And yet the fragile 
viff. M. TDBgstott immp tungsten filament is held rigidly at Its ends. In 
the ordinary lamp the total filament consists of four or five hairpin 
shaped parts, each rigidly fastened to stiff wires at its ends, making a 
total of eight or ten points of rigid support. The support is made ab- 
solutely rigid, usually by electrically welding or fusing the supporting 
wire around the tiny filament. The result is that one qf the best 
known features of the lamp is its fragility, and the mechanical break 
almost invariably occurs near the fused support. 

The reason for this unfortunate construction is that tungsten fila- 
ments can only be made in short lengths in hairpin shape. It has not 
been praeticable by usual methods to make and mount single filaments 
having a length of 30 inches, more or less, which is necessary for a 
110-voIt lamp. Consequently it has been common practice to connect 
in series a number of individual short filaments by fusing their ends 
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to stiff supporting wires; hence, the disadvantage of rigidly supported, 
delicate and fragile filaments results from the necessity of using many 
Individual filaments, adapted in length to the size of the lamp bulb. 
The ideal way to overcome these difficulties would be to employ a single 
filament and to mount it without rigidly fastening it to its supports. 
This requires three things. First, a single or continuous filament; sec- 
ond, a loose winding back and forth around supports at numerous 
points, giving a final form appropriate to the ordinary lamp bulb; and, 
third, a suitable electrical contact with the leadlng-in wires, eliminat- 
ing the fatal rigidity. 

To sum up, the tungsten lamp has very quickly established its claim 
as to high efficiency, excellent light and general acceptability. On the 
other hand, a feature of the lamp which is firmly fixed in the minds of 
all who have had to do with it is its fragility. Its liability to acci- 
dental breakage in handling and in service is its great handicap. 
Whenever, therefore, an improvement is made in the materials or con- 
struction of the lamp, which will materially reduce its fragility, an im- 
portant commercial advance will have been made. The life of the lamp, 
if the filaments remain unbroken, is about 1,000 hours. 
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SPECIAL TYPES OF LAMPS 



Besides the ordinary arc lamps and Incandescent filament lamps com- 
monly used, and described in detail in the previous chapters, a number 
of different types of electric lamps and methods for electrical Illumina- 
tion have appeared from time to time, some of which have proved very 
bucceasful. Among these must especially be mentioned the Nernst 

LAMP TERMINALS 
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lamp, and the mercury vapor lamp, also known as the Cooper Hewitt 
light. 

The Nernst Lamp 

The Nernst lamp, also known as the glower lamp, employs for its in- 
candescent material a fine rod made of rare oxides, the exact composi- 
tion of which appears to be a "trade secret." The oxide is originally 
made In the form of a paste, and then forced through a die in order 
to give it the required shape. The glower thus formed is then dried 
or *'roasted," cut to the desired length for the lamps, and provided with 
platinum terminals to make contact with the circuit. The rare oxide 
rod or glower is non-conducting when cold, and must, in consequence, 
be heated before it can conduct the current and produce light. There- 
fore, a heater is required for the lamp, which will bring the tempera- 
ture of the glower up to a point where It will become a conductor. The 
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heater works automatically when the light is turned on, it being con- 
nected across the circuit, but it is also necessary to cut it out auto- 
matically as soon as the glower has reached the required temperature, 
as It would otherwise quickly deteriorate. The automatic cut-out is ac- 
complished by means of an electromagnet so connected that current 
flows through it as soon as the glower has become a conductor. This 
electromagnet operates a contact cutting out the heater. 

The heaters are made in two forms. One kind of heater consists of 
a platinum wire wound around a porcelain tube and covered with por- 
celain to prevent too rapid deterioration. Such a heater is shown in 
the diagrammatical wiring diagram of a Nernst lamp in Fig. 25. As 
shown, it is mounted just above the glower, and is known as a heater 
tube. The second kind of heater is of the type shown in Fig. 26. It is 
known as a spiral heater, and consists of platinum wire wound around 
a porcelain rod, and covered with porcelain, the whole being then bent 
to a helical form which surround the glower. 



E3 E3 




^ 



Wig. SO. Spiral B«»t«r for Vvrnat Lamp, oon- 

■Isdnff of Plattnum Wir* wound around 

a Poroalaln Rod 



Fl0. fl7. BaHaflt Baalfltaaoa of 
Namst Lamp 



When the current is turned on, the glower is heated, and then the 
heater cut out as already mentioned. When the current is turned off, 
the contacts for the heater assume their normal position, closing the 
circuit, so as to be ready for action when the current Is again turned 
on. The closing of the heater circuit when the current is turned off is 
accomplished by means of gravity, so that it is necessary that lamps 
of this description should be mounted in a specific position. 

The fact that the resistance of the glower decreases with an increas- 
ing temperature, introduces a peculiar condition in the construction 
of this class of lamps. If the lamp were used on a constant-potential 
circuit, without any means of regulation, the temperature of the glower 
would continue to increase (due to the greater amount of current flow- 
ing through it, on account of its increasing conductivity) until the 
glower would be entirely destroyed. In order to check this action, a 
resistance in the form of an iron wire, is connected in series with 
the glower. This resistance is called a ballast or a ballast resistance. 
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As the resistance of iron increases with an increasing temperature, 
it is possible to so adjust the resistance of the entire circuit that a bal- 
anced condition is obtained when the current reaches a given strength. 
In order to prevent oxidation of the iron wire, it is mounted in a glass 
tube or bulb containing hydrogen, in a manner as shown In Fig. 27, 
and as indicated in the wiring diagrams Figs. 25 and 28. The reason 
why hydrogen has been selected in preference to other gases which 
might have been used as well for their non-oxidizing properties, is that 
it conducts the heat from the Iron wire better than other gases. 
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To sum up, the Nernst or glower lamp consists of four main constitu- 
ent parts, as follows: 

1. The rare oxide rod or glower which gives the light at a high tem- 
perature. 

2. The heater for raising the temperature of the glower when the 
current is first turned on. 

3. The autoniatic cut-out for the heater after it has done Its work. 

4. The iron wire ballast contained in a tube of gas which regulates 
the amount of current. 

The parts enumerated are mounted together, smaller lamps having 
but one glower, and being made to fit a standard incandescent lamp 
socket, while larger lamps are made with as many as six glowers, and 
are supported the same as ordinary arc lamps. 
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The standard makes of Nernst lamps possess a glower which takes 
about 220 volts, is 1 inch in length and about 1/40 of an inch in diame- 
ter. The temperature at which the light is produced varies from 1,200 
degrees F. to 1,400 degrees F., depending upon the current. A fair aver- 
age is 1,300 degrees F., at which temperature the normal light appears. 

The candle-power tests give results as follows: A two-glower^ 220-volt 

' lamp gives about 70 candle-power with a watt consumption of about 

170, or about 2.5 watts per candle-power. The light given out during 

the life of the lamp is very white and agreeable to the eyes when passed 

through sand-blasted globes. 

The glower lamp needs no vacuum, because the filament cannot be 
consumed in the air. If enclosed in a vacuum, the absence of air pro- 
duces a higher temperature and a lower resistance; in consequence, 
more ballast is required to cut down the current, so the efficiency is 
not advanced to any remarkable extent by this method. 

The general arrangement of the wiring for Nernst lamps is indi- 
cated in Fig. 25, for a three-glower lamp, and in Fig. 28, for a six- 
glower lamp. In the former illustration, the automatic device for cut- 
ting out the heater has been shown in detail. As soon as current be- 
gins to flow through the glowers, the electro-magnet A is also ener- 
gized, and the silver contacts at B are opened, thus preventing current 
from flowing through the heater coils. In Fig. 28, the current enters 
at lamp terminal A and then passes through the contact of the auto- 
matic cut-out to the heater coils. When the glowers begin to conduct, 
current will pass through the cut-out coil, and this will open the con- 
tacts of the automatic cut-out, thus rendering the heater inoperative. 
On some of the newer types of lamps, the spiral heater is used in prefer- 
ence to the heater tubes, and both glower and heater are so mounted 
that they can be very quickly replaced. The life of the glower is about 
700 hours. Nernst lamps are used exclusively on alternating current 
circuits. 

The Mercury Vapor Lamp 

The mercury vapor lamp, invented by Cooper Hewitt, has gained 
considerable ground in a few years. Its chief advantage is that it con- 
sumes a very small amount of current per candle-power, the current 
consumption being only about 0.55 watt per candle-power. The objec- 
tion to this lamp is that it gives out a light devoid of red light-rays, 
and, therefore, apparently, changes the color of objects illuminated by 
it. This absence of red rays makes the light very agreeable to the 
eyes, however, although it limits the application of the lamp to such 
places where its color is of no importance. 

In this lamp the source of light consists of mercury vapor which id 
rendered incandescent by the passage of an electric current through a 
long glass tube from which the air is exhausted, and in which the 
vapor is contained. To one end of the glass tube is attached an elec- 
trode either of iron or mercury, while the other electrode is always of 
mercury. 
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When the lamp Is to be started, mercury vapor may be formed In one 
of two ways. One method is by means of a high-tension spark which 
Jumps between the electrodes, and thus forms the required conducting 
vapor. To obtain the spark, it is necessary to provide a powerful in- 
ductance coil and a quick-break switch. The other method used for 
starting the lamp is to tilt the tube until a stream of mercury is formed 
from electrode to electrode; the tube is then permitted to resume its 
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original position, enough vapor having been formed to provide a con- 
ducting bridge between the electrodes. The mercury vapor lamp is 
especially adapted to operate on direct-current circuit, but considerable 
advance has been made in developing an alternating current lamp as 
well. 

In Fig. 29 is shown a lamp circuit where the lamp is started by a 
high-tension spark. Fig. 30 shows the wiring diagram for two lamps 
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in series and arranged for being started by the "tipping" method. 

Some general data relating to mercury lamps may be of interest. 
The length of the glass tube varies from 43 to 49 inches, according to 
the voltage. The diameter is 1 inch. The strength of the current is 
from 3 to 3.5 amperes, which with a voltage of 110 volts gives a candle- 
power of about 650. The life of the lamp is from about 1,000 to 1,600 
hours. 
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The candle-power being unusually high for a small amount of cur- 
rent would make this light universal in application if red rays were 
present. Their absence, however, limits its use to docks, large lofts, 
factories and places where the color problem plays no important part. 
The suggestion once advanced that the tube be made of red glass to 
supply the missing rays would mean darkness instead of light. As 
there are no red rays in the light, and as none but red rays can pass 
through red glass, it is obvious that no light would penetrate the walls 
of the tube. The only remedy would be to provide a means of develop- 
ing red rays In the tube itself by the introduction of another element 
or a modification of the method. 

The Moore Tube Llfirht 

If a gas is contained at a high vacuum in a glass tube, and the tube 
is provided with electrodes and a high-tension alternating current 
forced through the gas, the latter will glow with a soft luminescence. 
The color of the light produced is governed by the gas contained in the 
tube. Carbon dioxide produces a white, diffused light, very similar to 
daylight, while nitrogen produces an orange light. 

The Moore tube light is based upon the principles outlined above. It 
consists of a very long glass tube containing the gas at the required 
degree of vacuum. A transformer must be employed to obtain the nec- 
essary high voltage of the alternating current sent through the tube. 
As the gas used gradually deposits on the glass wall of the tube, and 
as it is necessary that a certain degree of vacuum be maintained, an 
automatic valve is provided for supplying the required amount of gas, 
whenever -the vacuum becomes too great. The reason for the very 
long glass tubes used is that the intensity of the light is only about 
0.65 candle-power . per square inch of tube surface. The efficiency of 
the light tubes, however, is stated to be equal to that of tungsten fila- 
ment incandescent lamps. 
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OUTIilNB OP A COURSE IN SHOP AND DRAFTING-ROOM 
MATHEMATICS, MECHANICS, MACHINE DESIGN 

AND SHOP PRACTICE 

• 

Any Intelligent man engaged in mechanical work can acquire a well-rounded 
mechanical education by using as a guide in his studies the outline of the. 
course in mechanical subjects given below. The course Is laid out so as to 
make it possible for a man of little or no education to go ahead, beginning 
wherever he finds that his needs begin. The course is made up of units so that 
it may be followed either from beginning to end; or the reader may choose 
any specific subject which may be of especial importance to him. 



Preliminary Course in Arithmetic 
Jio Sheets 1A to 5A: — Whole Num- 
bers: Addition, Subtraction, Multi- 
plication, Division, and Factoring. 

Jig Sheets 6 A to 15 A: — Common 
Fractions and Decimal Fractions. 

Shop Calculations 

Reference Series No. 18. Shop 
Arithmetic for the Machinist. 

Reference Series No. 52. Advanced 
Shop Arithmetic for the Machinist. 

Reference Series No. 53. Use of 
Logarithmic Tables. 

Reference Series Nos. 54 and 55. 
Solution of Triangles. 

Data Sheet Series No. 16. Mathe- 
matical Tables. A book for general 
reference. 

DraftinflT-room Practice 
Reference Series No. 2. Drafting- 
boom Practice. 

Reference Series No. 8. Working 

Drawings and Drafting-room Kinks. 

Reference Series No. 33. Systems 

AND Practice of the Drafting-room. 

Oeneral Shop Practice 

Reference Series No. 10. Examples 
OF Machine Shop Practice. 

Reference Series No. 7. Lathe and 
Planer Tools. 

Reference Series No. 25. Deep Hole 
Drilling. 

Reference Series No. 38. Grinding 
and Grinding Machines. 

Reference Series No. 48. Files and 
Filing. 

Reference Series No. 32. Screw 
Thread Cutting. 

Data Sheet Series No. 1. Screw 
Threads. Tables relating to all the 
standard systems. 

Data Sheet Series No. 2. Screws. 
Bolts and Nuts. Tables of standards. 

Data Sheet Series Nos. 10 and 11. 
Machine Tool Operation. Tables re- 
lating to the operation of lathes, screw 
machines, milling machines, etc. 

Reference Series Nos. 50 and 51. 



Principles and Practice of Assem- 
bling Machine Tools. 

Reference Series No. 57. Metal 
Spinning. 

Jigs and Fixtures 

Reference Series Nos. 41, 42 and 43. 
Jigs and Fixtures. 

Reference Series No. 3. Drill Jigs. 

Reference Series No. 4. Milling 
Fixtures. 

Punch and Die Work 

Reference Series No. 6. Punch and 
Die Work. 

Reference Series No. 13. Blanking 
Dies. 

Reference Series No. 26. Modern 
Punch and Die Construction. 

Tool Making 

Reference Series No 64. Gage 
Making and Lapping. 

Reference Series No. 21. Measur- 
ing Tools. 

Reference Series No. 31. Screw 
Thread Tools and Gages. 

Data Sheet Series No. 3. Taps and 
Threading Dies. 

Data Sheet Series No. 4. Reamers, 
Sockets, Drills, and Milling Cutters. 

Hardening and Tempering 
Reference Series No. 46. Harden- 
ing AND Tempering. 

Reference Series No. 63. Heat 
Treatment of Steel. 

Blacksmith Shop Practice 
and Drop Forging 

Reference Series No. 44. Machine 
Blacksmithing. 

Reference Series No. 61. Black- 
smith Shop Practice. 

Reference Series No. 45. Drop Forc- 
ing. 

Automobile Construction 

Reference Series No. 59. Machines. 
Tools and Methods of Automobile 
Manufacture. 

Reference Series No. 60. Construc- 
tion AND Manufacture of Automo- 
biles. 
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Theoretical Mechanics 
Reference Series No. 5. First Prin- 
ciples OF Theoretical Mechanics. 

Reference Series No. 19. Use o/ 
Formulas in Mechanics. 

Gearinfir 

Reference Series No. 15. Spur 
Gearing. 

Reference Series No. 37. Bevel 
Gearing. 

Reference Series No. 1. Worm 
Gearing. 

Reference Series No. 20. Spiral 
Gearing. 

Data Sheet Series No. 5. Spur 
Gearing. Greneral reference book con- 
taining tables and formulas. 

Data Sheet Series No. 6. Bevel, 
Spiral and Worm Gearing. General 
reference book containing tables and 
formulas. 

General Machine Desigrn 

Reference Series No. 9. Designing 
AND Cutting Cams. 

Reference Series No. 11. Bearings. 

Reference Series No. 56. Ball 
Bearings. 

Reference Series No. 58. Helical 
AND Elliptic Springs. 

Reference Series No. 17. Strength 
OF Cylinders. 

Reference Series No. 22. Calcula- 
tions OF Elements of Machine De- 
sign. 

Reference Series No. 24. Examples 
OF Calculating Designs. 

Reference Series No. 40. Fly- 
wheels. 

Data Sheet Series No. 7. Shafting, 
Keys and Key ways. 

Data Sheet Series No. 8. Bearings, 
Couplings, Clutches, Crane Chain 
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CHAPTER 1 



THE TELEGRAPH 

The first attempts to transmit messages by the aid of the electric 
current were made as early as in the eigh tenth century. According 
to the authorities on the history of telegraphy, Le Sage of Geneva pro- 
duced a simple system of telegraphy as far back as in 1774. His meth- 
ods, however, proved impractical, except for demonstration purposes. 
Other early inventors in the field of telegraphy were Lomond and Ca- 
vallo, whose Inventions date back to 1787 and 1795, respectively, Ron- 
alds, Soemmering, Ampere, Henry, Schilling, Weber, Cooke and Wheat- 
stone all produced different apparatus, with more or less success, dur- 
ing the early part of the last century. The first permanently practical 
success, however, was attained by Morse In 1837. Since the time of 
Morse a number of improvements have been made, and various systems 
known as the diplex, duplex, quadruplex and multiplex have been 
developed. The names conneoted with the invention and development 
of these systems are Qlntl, Steams, Stark, Bosscha, Heaviside, Edison 
and Delany. In addition to these inventors should be mentioned the 
names of Hughes, Cowper and Elisha Gray, and especially Lord Kel- 
vin, to whom a great deal of the success of cable telegraphy is due. 
Among all the various systems for transmitting messages by wire by 
means of the electric current, the only one, however, which calls for 
an extended description in an elementary treatise, is the Morse system. 
Wireless telegraphy will be treated In detail in the following chapter. 

Two successful methods, known as the open-circuit and the closed- 
circuit systems are at the present time in use for telegraphy with 
wires. The closed-circuit system is used almost entirely in the United 
States, while the open-circuit system is used largely in Europe. The 
difference between the two systems, in principle, consists simply in the 
fact that when the apparatus Is not In use for sending messages, a 
switch is connected, or "closed," in the closed-circuit system so that 
the current flows continually through the line, while in the open-circuit 
system no current is consumed from the batteries except when signals 
or messages are actually being transmitted. This is the chief advan- 
tage of the open-circuit system. The closed-circuit system, however, 
has other advantages which off-set this. The two systems call for a 
different arrangement of batteries. 

A diagrammatical sketch of the arrangement of a closed-circuit sys- 
tem of telegraphy is shown in Fig. 1. In its simplest form this system 
contains three principal parts, key, sounder and battery, connected in 
series in the circuit. When a message is to be sent, the switch, already 
mentioned, is disconnected or "opened," thus opening the circuit. The 
message or signal is then sent by means of a telegraph key, which, 
when operated, closes the circuit. When the circuit is tbus closed, an 
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Instrument receiving the message or signal, and consisting primarily 
of an electromagnet with spring-balanced armature, is thrown into 
operation, this instrument, giving a loud click, being called a sounder. 
A battery or series of batteries is used for furnishing the current for 



SOUNDER 




GROUND RETURN — .- =" 

Fig. 1. Diagrammatloal View of the Arrangement of a Closed Clrouit 
System of Telegraphy 

operating the system. Only one wire is used, the system being con- 
nected to the ground at each end, and the earth being used for the 
return. 

The Sounder 
The sounder consists of a pair of vertically mounted electromagnets 
which attract an armature against the tension of a spring. The open- 
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Flff. 2. Blements of the Sounder 

ing or closing of the circuit by means of the telegraph key either re- 
leases or attracts this armature. A simple construction of the sounder 
is shown in Fig. 2. At A is shown one of the electromagnets, the 
other being directly behind it. The electromagnet is made up of two 
cores and a yoke B. At C is shown an armature of soft iron, this 
armature being attached to a lever D made of a non-magnetic material. 
This lever Is controlled by a spring not shown in the illustration, so 
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that the armature is held away from the electromagnet, whenever a 
current does not pass through the colls around the latter. When, how- 
ever, a current passes through the coils of the electromagnet, the cores 
are magnetized, and the armature Is attracted or held by the magnetic 
action. The armature, however, does not touch the end of the cores, 
because the Instrument Is so adjusted that immediately before the 
armature would touch the end of the core, a stop-screw G through the 
lever D strikes the bracket E and a click is heard. When the current 
ceases to flow, that is, when the key at the sending end is released so 
as to open the circuit, the magnetic force of the cores of the electro- 
magnet ceases to exist, and the armature is thrown upwards by means 
of the spring, as already mentioned. The lever then strikes a stop- 
screw F and another click is heard. It is this succession of clicks that 
make an Intelligent transmission of messages possible. When the time 
during which the current flows is very short the interval of time be- 
tween the two clicks will be correspondingly short, and the signal In 
that case is a "dot." If the Interval between the two clicks Is longer 
the signal is called a "dash." The telegraphic code ordinarily called 
the Morse code is made up of various combinations of dots and dashes, 
each combination signifying a certain letter or figure, as shown below: 

A .— J —.— . 
B — . . . K — .— 
C . . . L 



s . . . 


1 


T - 


3 


U . .— 


8 


V . . .— 


4 


W . 


5 


X . — . . 


6 


Y . . . . 


7 


Z . . . . 


8 





9 



D — . . M 

E . N — . 

F . — . O . . 

G . P 

H Q . — ■ 

I . . R . . . 

The system as outlined above is called the American Morse code. 
There is also an International code which differs to some extent from 
the American Morse code. Both, however, are founded on exactly the 
same principle of combination of dots and dashes. When a message is 
sent an interval is introduced between each letter and a longer inter- 
val between each word. In the original system the instrument was 
combined with a writing apparatus which recorded the dots and dashes, 
and entire reliance was not placed on the ear of the operator in taking 
the message directly from the sounder. This recording system is still 
In use to a considerable extent in Europe, but hardly used at all in 
America. It has been found that the ear is more reliable than the eye, 
that a simple sounder, therefore, is preferable to a recording mechan- 
ism. 

The two systems used for recording the messages are called the em- 
bosser and the ink-writer systems. In the embosser system a sharp 
pointer fastened to the armature lever cuts dots or dashes in a strip of 
paper moved past it by means of an automatic apparatus operated by 
clockwork. In the ink-writer system, the dots and dashes are recorded 
on a moving strip of paper by an inked wheel or pointer. 
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The key or sending apparatus of the Morse telegraphic system is 
shown in Fig. 3. In its simplest form it consists of a lever A pivoted 
a certain distance past Its center, at B. The hand or fingers of the 
operator rest at C. At £« is a binding screw, securing the instrument 
to its base; this screw also acts as an electrical connection to the main 
body of the key and lever A. At binding screw F is a connection to 
platinum tip G, which is insulated from the rest of the apparatus. An- 
other platinum tip H is placed on lever A, which makes contact witn 

.0 
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Flff. 8. The Key or Bendlnir App«raUie 

G when the lever is pressed down, thus completing the circuit through 
the key. When the key is not used, the lever is kept in a proper posi- 
tion by a spring K. When the instrument is not in use, switch M is 
used for closing the circuit. This completes the simple arrangement 
of the key or sending apparatus. 

The Belay 

Although the chief constituents of a simple telegraph system consist 
of a sounder, battery, key and line, another important adjunct in the 
shape of a relay becomes necessary when the telegraph system com- 
prises a long line having many instruments in series. In this case the 

SOUNDER 



, CONTACTS 



1 



RELAY 



LEu 



BATTERY 



III 



Machinery, S.Y. 



Flff. 4. DlaffimmmatlcAl View ahowlnff Action of Relay 

main current is not strong enough to operate the sounder at the receiv- 
ing station directly, and a device called a relay is then resorted to. 
This instrument is employed for the purpose of receiving the incoming 
signal and for throwing into action a new set of local batteries which 
supply the current for reproducing the signal with greater emphasis. 
In other words, when the armature of the magnet constituting the re- 
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lay is attracted by the magnet. It closes a new local circuit In which 
is a sounder, as indicated in the diagrammatical view in Fig. 4. 

When a receiving apparatus is provided with a relay the Instrument 
is usually provided with a horizontal electromagnet having a large 
number of turns in its coils, and an armature arranged practically the 
same as in the ordinary simple soundev. The colls in the electromag- 
net mentioned are In series with the main line current. The armature 
of this electromagnet is very carefully balanced, so that a very small 
electromotive force will attraJct it. In this way a very small current 
will be sufficient for producing a contact through which can flow a 
local circuit supplied with current from a sufficient number of bat- 
teries and operating an ordinary Morse sounder. 

From this it will be understood that the ordinary telegraph station 
contains a connection to the main line and in addition to this it has 
its own local circuit by means of which it is able, so to speak, to rein- 
force the current of the main line so as to deliver the messages In an 
intelligent form. The reason why the main line current cannot be 
used directly is due to the conditions of the line. Leakage occurs to 
some extent so that the current becomes too weak to produce an effec- 
tive signal. The leakage may be due either to the length of the line 
or to defects in the Insulation. 

The sounder is provided with two binding posts or electrical con- 
tacts which connect one directly with the battery, and one with the 
battery via the relay. The relay possesses four binding posts, two of 
which connect with the incoming line and two of which complete the 
circuit of the sounder and its battery. The sounder, relay and key are 
generally mounted on one board for convenience. The relay, for its 
operation, takes only about one-tenth of the current that would be re- 
quired for the sounder. In fact, the relay current is so small that it 
cannot be measured by the ordinary electrical measuring instruments. 
Its strength is estimated in thousandths of an ampere. The relay usu* 
ally requires 0.010 ampere (10 milliamperes) If well adjusted, and 
sometimes the current required may be even less than this. 

Adjustments 
The adjustment of the armature of the relay, and of the sounder as 
well, is of great importance. If the armature is properly adjusted, it 
will require a smaller volunue of current to operate than otherwise. 
It is evident that the closer the armature lies to the iron cores of the 
magnet, without actually touching them, the stronger will be the mag- 
netic force by which it is attracted, and as regards the sounder, the 
louder will be the click that results from the closing of the circuit. 
The best way to adjust the sounder armature is to first insert a thin 
piece of paper between the armature and the iron pole-piece of the 
electromagnet, and then let the lever down until it touches and holds 
the paper while the key is closed. The adjusting screw is then manip- 
ulated until the paper can be Just pulled out, the adjustment then being 
made permanent by means of the locknut shown in the illustration, 
Fig. 2. The other screw is then adjusted so as to give the proper dis- 
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tanee or play for the lever. The spring In the sounder, not shown in 
Fig. 2, is also provided with an adjusting screw regulating its tension, 
so that a certain relation between the strength of the up and down 
stroke of the lever can be produced in order to make the signals re- 
ceived easily audible or "read." 

Referring to Fig. 1 it will be seen that the sending and receiving ap- 
paratus are connected only by .one line of wire, the instruments being 
connected to the ground at each end of the line, as already mentioned, 
and the return being through the ground. By this means it is possi- 
ble to transmit messages without having a return wire, a single line 
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Oraphtoal Dluatrations of Principles of Varloas 
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only being necessary. The batteries may all be placed at one end of 
the circuit if preferred, or may be divided and placed half at each end. 
The arrangement of the batteries is Immaterial as far as the principle 
of action is concerned. The batteries for operating the sounder in the 
local circuit connected by the relay are, of course, placed in the local 
stations. 

Number of Messages Sent Over One Wire 

The number of messages that may be sent over one wire at the same 
time depends upon the character of the apparatus at the ends of the 
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line. With regard to the number of messages that may thus be sent, 
a number of systems have been developed, known as the simple, the 
diplex, the duplex, the quadruplex, and the multiplex systems. 

The simple 83rstem merely permits the transmitting of a signal, one 
at a time, over the wire. 

A dlplex system is one by means of which two distinct signals may 
be sent at the same time from one end of the wire without confllctlon 
and be receiyed at the other end without trouble. These signals or 
messages both travel In the same direction. 

A duplex system permits a message to be sent from each end of the 
line at the same Instant without confusion. It differs from the dlplex 




NEUTRAL RELAY. 



YYYY\ 



DIFFERENTIAL RELAY 




POLARIZED RELAY Machinerw, N. Y, 
Flff. 6. Windings of I>lfll»r«nt Types of Relays 

as regards the direction of the messages. The dlplex sends both one 
way» the duplex both in opposite directions at the same time. 

A quadruplex system is one in which two messages may be sent from 
each end of the line at the same instant, making four in all, two mov- 
ing in one direction, and two in the opposite direction. This system 
might be called either a double dlplex, a double duplex, or a combina- 
tion of a dlplex and duplex system. The latter idea is carried out in 
practice. In that devices are used by which the line is both "dlplexed" 
and "duplexed" for the purpose of conveying four messages at one 
time. The principle of the various systems is graphically Illustrated 
in Fig. 5. 

This principle can be carried out beyond the point of the quadruplex 
system. In fact, to such an extent that eight messages may be trans- 
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mitted simultaneously, in which case, octuplex, or, simply, multiplex, 
is the name given to the system; but a development of this kind would 
naturally call for the use of a more and more complicated system of 
devices. Patrick B. Delany invented a system in which complications 
of this kind are avoided. His system is known as the Delany syn- 
chronous system of multiple telegraphy. 

The Diplez System 

The practical principle employed in telegraphy for the purpose of 
obtaining difCerent sets of signals over the same line is that of using 
certain keys to operate certain relays— one key, for instance, sending 
over the line a powerful current which actuates one relay, and another 
key controlling the direction of the current and, therefore, operating 
another type of relay. In other words, the keys are selective with 
respect to the relays. It is necessary to examine the types of relays 
before the subject can be properly comprehended. 

The relays may be classified, according to the character of the cur- 
rent which will actuate them, as neutral relays, differential relays, and 
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Fig. 7. Arraaffttment of Keys for Diplex System of Telegraphy 

polarized relays. The principles of winding these various relays are 
diagrammatically illustrated in Fig. 6. 

The neutral relay is, as its name implies, a relay operated by an 
ordinary current irrespective of its direction. The current must be of 
sufficient strength to cause emphatic movement of the relay armature. 

The difCercntial relay is an electromagnet possessing two distinct 
windings, each wound opposite to the other and each of exactly the 
same number of turns and resistance. The equivalence of the turns 
makes the magnetic effects alike; therefore, the passage through the 
coils of two equal currents would leave the relay inoperative. 

The polarized relay is supplied with a permanently magnetized arm- 
ature. One pole of this crmature lies between the two poles of an elec- 
tromagnet. When this magnetized armature moves decidedly in one 
direction or the other it is because the current in the electromagnet is 
flowing in a certain direction. The armature is polarized for the put^ 
pose of making the relay sensitive to changes in the direction of cur- 
rent. 

In Fig. 7 two keys are shown. The first, A, as indicated, will have 
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the effect of sending into the line the current of three cells of battery. 
The key, it should be noted, has no control over the direction of the 
current. When it is moved down it operates the first relay (7, a neu- 
tral relay of the type previously described. The current passing 
through the second polarized relay D is ineffective because it lacks 
the direction required to throw the armature on the particular side 
which closes the contacts governing the local circuit and its sounder. 
The second key B is a reversing key, or pole-changing transmitter. 
Its only function is that of sending a relatively weak current Into the 
line, which is either positive or negative, depending upon the position 
of the key. This weak current cannot affect the neutral relay which 
remains unresponsive to the currents passing through it unless sent 
by the first key A. The batteries E and F will act in combination when 
key A is pressed, giving, therefore, a high electromotive force. When 
the key B is pressed to operate the relay D only one cell of battery F 
is in action. Hence, key B sends a weaker current into the line, but 
varies its polarity with reference to the line, and therefore actuates 
the more delicately adjusted relay previously mentioned. Bach relay, 
it must be remembered, is attached to a separate local circuit contain- 
ing battery and sounder. Therefore, If one operator presses key A, a 
sounder in circuit with relay giTes its message. If another operator 
presses key B a sounder in circuit with relay D will deliver its mes- 
sage. It should be understood that if both keys are worked simultane- 
ously, the direction of the current can be reversed at will by the oper- 
ator at B. As this is the only infiuence which effects the polarized 
relay at D, the system as thus presented is one in which two messages 
can be sent forward along the line at the same instant This is the 
fundamental principle of the diplex system. Examination of key B 
will show that if the operator at A is holding his key and the operator 
at B reverses the current to actuate the relay at D the continuity of 
the line is not destroyed, but the relay will relax for an Instant, 
causing what Is familiarly known as a clip. This is almost eradicated 
by the aid of special devices In practical telegraphy. 

Duplex System of Telegraphy 

In the duplex system of telegraphy it is possible to send two mes- 
sages over the line, each traveling in the opposite direction. This sys^ 
tem possesses certain essential and characteristic features which might 
be enumerated as follows: 

l.^A differentially wound relay. 

2.— An artificial line. 

8. — A transmitter. 

The principle involved in this system is to be able to send a message 
out of the station without affecting the relay installed there, yet per- 
mitting It to respond to the infiuence of a message or signal sent in. 
This seemingly difficult and paradoxical task is accomplished by the 
proper co-operation and relationship of the three devices mentioned 
above in conjunction with a storage battery. 
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The differential relay, being an electromagnet with two opposite and 
equal windings, cannot be affected magnetically if each winding carries 
an equal current. If, therefore, when a signal is sent out of the sta> 
tion, the current it represents passes through this differential relay, 
then the problem resolves itself into that of securing an equal flow of 
electricity through each of the windings of the relay. If means are 
employed, through which one-half of this current goes out over the 
line, and the other half is directed into the earth, then the difficulty 
has been removed and the object of keeping the relay inoperative un- 
der these circumstances secured. 

The artificial line now comes into play. It consists of a resistance 
equal to that of the line, and a condenser of a capacity also equal to 
that of the line. The current from the station is led to the point at 
which the two windings of the electromagnet begin, as shown in Fig. 
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Flff . 8. AiTttnffeinent of ArtJflolal Une In Duplex Telesraphy 

8 at A. If resistance R and the capacity of the condenser are exactly 
equal to those of the line, then the current will divide equally at A. 
One-half will go through the relay winding and over the line. The 
other half will go through the relay winding into the earth. The cur- 
rents being equal in each winding of the relay, it will remain unaf- 
fected when an outgoing signal is sent. 

The transmitter employed in duplex telegraphy is so arranged that 
when the key is pressed, as shown in Fig. 9, the magnet 8 will pull 
the lever D, and thus produce a contact with lever N at O. This en- 
ables the current from the battery B to pass into the differential relay, 
one-half to the line and one-half to the earth. If at this moment, the 
distant telegrapher presses his key, then one of the coils of the differ- 
ential relay will be supplied with more current than the other, and 
as a natural consequence of this, the relay will be operated. Its opera- 
tion means the throwing in of the local circuit, and as a result the 
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click of the sounder is heard. Hence, it will be seen that by means 
ef this construction it is possible to accomplish the desired results, 
that is, making the relay inoperative by the outgoing current and mak- 
ing it responsive to the incoming signal. 

The diagram in Fig. 9 should be examined in order to fully under- 
stand the paths of the various currents. When the key K is pressed, 
as already described, a negative current passes from the battery B 
through the levers D and "N into the difCerential relay only to divide 
equally into the line and earth via the two opposite windings of the 
relay. A signal sent in, however, means a current in only one wind- 
ing of the relay, which, of course, will force it to operate, or it means 
a current superposed upon the other already passing through. This 
last condition only exists when both keys are pressed in each station 
at the same time. The wire grounded at A serves the purpose of allow- 
ing an incoming current, whether positive or negative, to pass into 
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Flff. 9. 0«neral Amuiffeinmit of Duplex Systmn of Telegraphy 

the earth after magnetizing the relay. The diplex and the duplex there- 
fore difCer from each other fundamentally in the respect that in the 
first case both the direction and the strength of the current are con- 
trolled to operate two relays adjusted to them; while in the second 
case, messages are transmitted in opposite directions, by having a re- 
lay in action sensitive only to the incoming impulse, and remaining 
unaffected by the outgoing signals through the influence of the arti- 
ficial line. 

Purpose of Condenser 

The introduction of the condenser in duplex telegraphy was the idea 
of Joseph B. Steams, who thus, by its practical application, removed 
from the apparatus the false signal its absence produces. The resist- 
ance of the artificial line and line proper may be the same, but this 
alone would not fulfill the purpose desired. It is obvious that as the 
line must be charged when signalling, it is bound to discharge itself 
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later and affect the service, that Is, the line will act as a condenser, the 
charging of the line when signalling presupposing a subsequent dis- 
charge through the instruments. In order to balance its effect, it is 
necessary to place a condenser in the artificial line as well as the re- 
sistance. The capacity of the condenser and the ohmic resistance of 
the artificial line must at all times be equal to the capacity and the 
resistance of the line proper, if the sending of messages is to be made 
possible with equal facility from each end of the line. As the capacity 
and the resistance of the line proper differ with the weather condi- 
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tions, adjustment must be made of the resistance and capacity of the 
condenser in the artificial line. The term applied to these adjustments 
is "balancing." The adjustments must be made every day, particu- 
larly if the weather is changeable. 

Quadruplex Telegraphy 
By means of quadruplex telegraphy, two messages can be sent from 
each end at the same time. Altogether, four different signals traverse 
the wire at one time without interference. The accomplishment of 
this, it is evident, means the use of two relays at each of the stations 
receiving the signals. It is also obvious that when two signals are 
sent simultaneously from one station the relays of said station must 
not be actuated by the current. This proposition is carried out in prac- 
tice by the use of two differential relays at each station. These relays 
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are, respectively, neutral and polarized, and operate in conjunction 
with an artificial line. In addition each station is provided with two 
keys of the characters previously described in connection with diplex 
telegraphy. One is used for sending a comparatively powerful current 
into the line, the other for reversing the polarity of the line. 

In Fig. 10 the quadruplex system is shown operated by means of cur- 
rents generated by dynamos D. These take the place of the batteries, 
and have proved themselves to be far more convenient. At the dyna- 
mos opposite poles are connected to the line with two 600 ohm resist- 
ances in circuit. The description referring to this diagram, as given 
by Franklin Leonard Pope in his work entitled "Modern Practice of 
the Electric Telegraph," is as follows: "JTi is the pole changing trans- 
mitter and iCs, the single current transmitter, which for simplicity are 
shown in the diagram as keys, but which are in practice operated by 
electromagnets, local batteries and independent keys. When the ap- 
paratus IS at rest, the current from the negative dynamo traverses a 
resistance coil of say 600 ohms, inserted to avoid danger of short cir- 
cuit, to the rear contact of the pole changing key Kx\ thence through 
wire A. and the 1200 ohms resistance to point B, where it divides into 
three portions; the first portion going to the line and distant station, 
the second through the artificial line, including rheostat X to the earth, 
and the third through the wire E, the normally closed rear contact of 
the single current key K2 and a rheostat of say 900 ohms to the earth. 
If, for example, therefore, we assume the resistance of the main and 
artificial line to be 3600 ohms each, it follows from the law of the dis- 
tribution of currents in branch circuits that two-thirds will return to 
earth through wires E and jP., one-sixth will go to the main line and 
one-sixth to the artificial line. 

"If now the key K^ be depressed in order to send a signal, a direct 
connection will be formed between key K^ and the point B through 
wires H and E, shunting the 1200 ohm coil in wire A, At the same 
time the wire F will be opened, and the whole current will divide at 
the point B, half going to the main line and half to the artificial line. 
It follows, therefore, fhat with the several resistances in the ratios 
shown, the current sent to line by the key K^ when key jK", is de- 
pressed will be three times as strong as when the latter is raised, and 
this will be equally true whether the current sent by key Kx be posi- 
tive or negative. A computation of the effects of the several resist- 
ances will also show that when an arriving current reaches the point 
By the resistance which It has to encounter in passing thence to the 
ground is the same whether the key K. be depressed or raised. When 
the key is depressed the resistance is only that of one or the other 
of the 600 ohm coils between the key K^ and the dynamos; when 
raised, it is the joint resistance of one coil of 600. plus the coil of 1200 
(a total of 1800) in one branch, and the coil of 900 in the other branch, 
the joint resistance of the two being 600, the same as in the first in- 
stance. The relays R^ and R. at each station, being both difTerentlal, 
are not affected by outgoing currents, whatever may be the strength or 
the polarity of such currents." 



Digitized by LjOOQIC 



CHAPTER II 



WIRELESS TELEGRAPHY 

In speaking of the origin of wireless telegraphy, it is necessary to 
begin at that point in the history of the discoveries in electricity 
which might be properly called the first suggestion. On this score 
many arguments may arise, presented on the one hand by the scientist 
and mathematician, and on the other hand by the practical inventor. 
It is generally acknowledged, however, that the first correct analysis 
of the conditions and phenomena which gave rise to what was later 
called wireless telegraphy was made by Herts of Karlsruhe, Germany, 
who in 1888 succeeded in producing electric waves which followed the 
known laws of light waves. The theoretical system of Maxwell, who 
determined mathematically the relations between the varied phenom* 
ena produced by electric and magnetic forces guided Hertz in his ex- 
periments; and then again, the basis of Maxwell's mathematical inves- 
tigations was a long series of epoch-making experiments made by Far- 
aday, who in 1845 demonstrated experimentally that electric and mag- 
netic forces were transmitted through the same medium as light Go- 
ing still further back, we find that the primary principle upon which 
the modern invention of wireless telegraphy is based was annunciated 
in 1678 by Huygens, of Holland, who first voiced the idea that all space 
not taken up by matter waa filled by a subtle substance which he called 
ether, and which made it possible to account In a logical manner for 
the various phenomena of light. 

It is quite evident that while the study of wireless telegraphy is a 
practical proposition, it is necessary to examine to some extent the 
principles involved In the experiments which led up to its practical 
application, in order to understand more fully the conditions and limi- 
tations of this new art of transmitting messages by means of elec- 
tricity. During experiments conducted for the purpose of ascertaining 
the laws according to which electric waves move through space. Hertz 
discovered sparks at various points in his circuits which were strong- 
est where a wall seemed to act as a reflector. He was able to trace the 
reflected waves and to measure them, and arrived at the astounding 
conclusion that conductors carrying an oscillating current were throw- 
ing out into space waves in every respect similar to light waves, al- 
though invisible. The reason why these waves are not visible to the 
eye is because they are longer than the light waves and, therefore, do 
not affect the eye. They are propagated through space, however, at a 
velocity equal to that of light. 

A diagrammatical view embodying the main features of the appar^ 
atus which Hertz used in producing and demonstrating the existence 
of electric waves is shown in Fig. 11. The main apparatus shown is 
the wave-producing or sending apparatus, while the ring shown at H 
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is the receiver, commonly called resonator. The sending apparatus 
consists of an induction coil A receiving its current from a battery B. 
The circuit can be closed and opened at will at C. The terminals of 
the induction coil at D are connected to two brass spheres E, which in 
turn are attached to the metal sheets F by means of brass rods O, 
This latter part of the instrument is called the oscillator, and from it 
the electric waves are propagated. In order to produce electric waves 
it is necessary to discharge static electricity from the oscillator formed 
by the oppositely located metal conductors F, separated by a spark 
gap at K, The oscillator is charged by the current from the induction 
coil when the circuit is closed at C. When sparking takes place be- 
tween the metal spheres E^ the opposite sides of the oscillator discharge 
into each other, thus equalizing their difference of potential. When 
sparking occurs, electric waves are produced which are propagated 
through space. As soon as a series of sparks have been emitted, the 
oscillator must be recharged before another set of sparks and waves 
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can be produced. The charging of the oscillator is done automatically 
through the induction coil connections. As soon as the oscillator has 
been discharged through the spark gap, the high tension current from 
the induction coil immediately recharges the oscillator to its maximum 
capacity, and the cycle of operation is repeated. 

When the apparatus is operated, that is, when the circuit is closed 
at 0, thus charging the oscillator, the presence of electric waves can 
De shown by the resonator already mentioned. When the electric 
waves Impinge upon this resonator, the passage of a small spark across 
the air gap between the small knobs indicates the presence of electric 
waves. The simple apparatus described contains the primary and nec- 
essary elements of a wireless telegraph outfit Improvements were 
made upon this apparatus by Branly, of Paris, who found in 1890 that 
metal filings enclosed in a tube were extremely sensitive to the pres- 
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ence of weak electric waves, and based the construction of the coherer 
or "wave detector" (which will be described in detail later) on this 
fact. The instrument was further improved upon by Popoff, a Russian 
investigator. 

The principle of the Popoff apparatus is shown in Fig. 12. At A is 
shown a coherer or wave detector and an electric bell, the hammer B 
of which serves the purpose of tapping the wave detector after it has 
been influenced by the electric waves, thus neutralizing It so that It 
will again be ready to fill its purpose when the next signal is received. 
A sensitive relay is placed at and a local battery at D. It will be 
seen that one of the terminals of the coherer is connected to a metal 
rod E which extends into the air, while the other terminal is con- 
nected at F with the earth. This apparatus contains all the elements 
of the wireless telegraph receiver. 




GROUND 
Flff. 12. Prtnolpal rtktarem of the Popoff Apparataa 

Finally Marconi in 1895 began experiments with the apparatus thus 
far developed, with a view to long-distance transmission of messages. 
He attained a Considerable degree of success, so that in 1897 wireless 
telegraphy might be said to have entered upon its commercial stage. 
Since that time many improvements have been made by a great num- 
ber of scientists and practical inventors. These improvements, how- 
ever, have introduced no new principles, but merely have been concen- 
trated upon eliminating such defects as were apparent in the earlier 
efforts. With due respect for all the workers who have aided in de- 
veloping wireless telegraphy to its present day state, however, the 
honor of the most important scientific discovery is due to Hertz, and 
the credit for the development of his idea in a practical manner, making 
commercial application possible, belongs to Marconi. 

The principal advantage of the Marconi system, as compared with 
tliose that had been previously devised was that in his transmitter he 
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connected one end of the oscillator to a wire suspended in the air, and 
the opposite end of the oscillator to the earth, as indicated in Fig. 13. 
He found that in doing so the electric energy was radiated in the form 
of electric waves over much greater areas than was possible when using 
an oscillator of the Hertz type. The receiver of the Marconi system also 
had one of the connections extending into the air and one leading to the 
ground, the same as already shown in Fig. 12, illustrating the Popoff 
Instrument. 

• Fundamental Principles of Wireless Telegraphy 

The fundamental principles of wireless telegraphy may be summed 
up as follows: The transmission of messages is accomplished over 
long distances by the projection of electric waves through space. These 
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Flff. 18. Aniaiiff«inent of Marconi OadUator 

electric waves are produced between the discharge knobs of an induc- 
tion coll. The principle of electric magnetic Induction is employed in 
creating the high pressure or voltage required for this apparatus. 
The waves sent out may in many respects be likened to the sending out 
of a powerful beam of light from a search lamp of great capacity. The 
waves projected from the electrical apparatus in this case, however, are 
not visible. They are transmitted through the ether, a substance of 
which practically nothing is known, but the existence of which is 
acknowledged because through it all energy is transmitted. In this 
lespect it is of particulaT interest to electricians, because it seems par- 
ticularly adapted for carrying electrical energy. The electric waves 
thus sent out are received by an apparatus consisting of a coherer, or 
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wave detector, a relay, and a sounder or writing apparatus, the latter 
of which details are constructed practically on the same lines as the 
ordinary mechanism for receiving telegraphic messages transmitted hy' 
wire. 

A mistaken conception seems to exist regarding the employment of 
electric waves for signalling purposes in wireless telegraphy. It should 
be understood that the electric wave itself does not give the direct 
signal. This is impossible on account of the exceptional^^ delicate 
nature of the electrical manifestations of the electric wave at the 
receiving station. For this reason a device is added to the devices in 
use for ordinary telegraphy in the form of an electric wave detector 
or coherer. The function of the electric wave is simply to act as a pri- 
mary means for setting into operation the apparatus which gives the 
actual signals through the aid of a more powerful current than that 
transmitted through the ether. In a sense, the wave-detector may be 
considered as filling the same function with relation to the relay of the 
wireless receiving station, as the relay itself fills with relation to the 
sounder in the ordinary telegraph station. 




Jiaohtiun/fN.Y. 
Plff. 14. Oeneral Arran«emant of Ooherar 

The coherer generally consists of a tube of glass with a metal plug 
at each end, as indicated in Fig. 14. A small amount of metallic pow- 
der or filings is enclosed between the plugs. The theory upon which 
the application of this device is based is that the conductivity of finely 
granulated conducting substances is very high under certain conditions. 
Referring to this S. P. Thompson says: "The conduction of powdered 
metals is remarkable. A loose heap of filings scarcely conducts at all, 
owing to the want of cohesion, or to the existence of films of air or 
dust, but it becomes instantly a good conductor if an electric spark is 
allowed to occur anywhere within a few yards of it. The resisting films 
of air are broken down by minute internal discharges In the mass. A 
very slight agitation by tapping at once makes the powder non-con- 
ductive." 

This condition has been made use of for producing one of the most 
important parts of the wireless telegraph outfit. A small amount of 
metallic powder, usually nickel with a touch of silver, is contained 
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within a small glass tube with metal pins at the ends, as mentioned. 
The device is placed in series with a few cells of battery and a tele- 
graphic relay. The coherer will not operate under normal conditions, 
but the presence of electric waves sets it immediately into action. The 
electric waves impinge upon the metallic filings producing between 
tbem minute sparks. Over the paths thus provided the battery current 
instantly passes and actuates the relay. The relay then in turn oper- 
ates the sounder, and thus a signal is transmitted through the air 
without the aid of a transmitting wire. 

The current would continue to flow and the relay would remain In 
action if some means were not provided by means of which the metal- 
lic powder in the coherer is disarranged so as to cease to act as a con- 
ductor. This process is called de-cohering, and consists simply of tap- 
ping the coherer after the receipt of a signal so as to make the metallic 
powder non-conductive. This tapping is done automatically by means 
of a small vibrating hammer similar to that used in an electric bell. In 
fact, a small bell without the gong will perform this function satisfac- 
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torily if so connected that its hammer Just touches the glass tube of the 
.coherer. In Fig. 15 is shown a diagrammatical view of the receiving 
end of a wireless telegraph outfit. T^e coherer, the telegraph relay, the 
sounder, and the two sets of batteries, are clearly indicated. 

A diagrammatical sketch of the apparatus for producing the waves 
is shown in Fig. 16. This apparatus consists primarily of a spark or 
induction coil. The spark coil is made up of primary and secondary 
windings as shown, and provided with a vibrator by means of which 
the current in the primary coil Is interrupted, and a condenser. The 
primary coil receives the electrical energy and transforms It into mag- 
netic energy. The vibrator interrupts the current entering the primary 
coil, thus permitting induction to take place between it and the second- 
ary coil. The secondary coil has magnetic energy induced in it by the 
primary and transformed into a high-pressure current. A condenser is 
used as shown, made in the customary manner of tin-foil and parafflne 
paper. It is placed in the break of the vibrator for the purpose of tak- 
ing up the energy that would otherwise be wasted in self-induction. 
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When the spark coil is set into operation, what might be termed a 
torrent of sparks passes between the discharge knobs. The size of the 
knobs, the gap between them and the dimensions of the coil determine 
the reaching power of the waves. When a signal is to be sent the 
sparks are allowed to pass between the knobs by closing a switch. Then 
at the receiving end the coherer is affected by the waves propagated. 
The signals sent are either long or short, representing dashes and dots 
the same as in the regular Morse code, the sounder or ink- writer ulti- 
mately delivering the message. To receive the waves towers or metallic 
poles are employed. These are usually called antennae. The coherer is 
attached to the top of these and is, therefore, made more readily sensi- 
tive to the electric vibrations in the ether. 

The devices described above constitute the very firdt and simplest 
types of wireless telegraph outfits. Of course, the wireless telegraph is 
constantly being improved upon, and a number of features have been 
introduced which were not used in the first apparatus. The princi- 
ples, however, are more clearly exhibited in this apparatus, and for the 
elementary purpose of this treatise it would not be advisable to con- 




Flff. 16. Wave Produdnff Apparatus 

fuse the subject by introducing descriptions of the many different 
systems that have been proposed and introduced from time to time. 
Among the most successful systems containing improvements on the 
original Marconi system may, however, be mentioned Oliver Lodge sys- 
tem, the Slaby-Arco system, the Braun-Siemens system, the Fessenden 
system, the American De Forest system, the Branly-Popp system, the 
Lodge-Muirhead system, and the Bull system. 

Having described the principal features and action of the wireless 
telegraph system it may not be out of place to describe more in detail 
some of the more important parts of the sending and receiving appar- 
atus. 

The Induction Coil 

The purpose of the induction coil is to receive a low-voltage direct 
current and transform it into a high-voltage current. The induction 
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coil is made up of an iron core usually formed of a number of wires 
of soft Iron. Around this core is wound two layers of heavy wire' 
called the primary coil. This primary coil connects on the one end 
directly with the source of energy, whether it be a battery or a dynamo, 
while at the other end the wire is connected with the vibrator ar- 
langed for automatically opening and closing the circuit. The vibrator 
in turn is connected with the opposite pole of the battery or the 
dynamo. A condenser, as already mentioned, is connected with the 
vibrator in such a way that when the contacts of the vibrator are 
closed the condenser is connected in shunt, but when the contacts are 
open the condenser is in series with the primary coil circuit. (See Fig. 
16.) The secondary coil is wound outside of the primary, carefully 
insulated from it. It consists of several thousand feet of very fine 
wire. The ends of the secondary are connected with the arms of the 
oscillator as shown in Fig. 16. 

When a current is sent through the primary coil, and frequently 
interrupted, it will produce by Induction a current in the secondary 
coil. The interruptions of the current are repeated automatically sev- 
eral hundred times a minute. It is necessary that the current be thus 
interrupted, because if an uninterrupted direct current flows through 
the primary, no current would be induced in the secondary. It is the 
frequent Interruption of the current that makes possible the induction 
of current in the secondary. The current which flows through the 
secondary is an alternating current, because when the current flows 
through the primary it magnetizes the core of the induction coil, and 
cmrrent is induced in one direction In the secondary. When the vi- 
brator breaks the circuit, a current is induced In the opposite direc- 
tion. In this way a high-tension alternating current is produced in 
the secondary coil, and can be utilized for charging the oscillator and 
producing the sparks due to which the electric waves are sent forth. 

An ordinary transformer, that Is, an Instrument by means of which 
an alternating current of low voltage is transformed into alternating 
current of high voltage, is used in some wireless apparatus in place of 
the Induction coil. In this case the source of electric energy must be 
an alternating current generator. 

The key used in the sending apparatus is constructed In a manner 
similar to an ordinary telegraph key, but is very much larger, due to 
the fact that the currents used in the apparatus are of very much 
greater power than in the .ordinary telegraph. It is not unusual that 
the connections to be made and broken convey currents in excess of 
one horsepower. 

The distance between the two knobs of the spheres of the oscillator 
between which the spark is formed, can usually be adjusted to suit the 
requirements. 

The Wave Detector and Belay 

The ordinary coherer in which metal filings are used has already 
been partly described. It usually is provided with two silver con- 
ductor plugs with platinum wire terminals. The air is exhausted from 
the space between the plugs, which is filled with filings made with a 
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coarse file, usually in the proportions of 90 per cent of nickel and 10 
per cent of silver. A special type of coherer Is termed the auto-coherer, 
which is so constructed that it needs no tapping to return it to its 
normal resistance after it has been influenced by the action of electric 
waves. These coherers are restored automatically to their non-con- 
ductive state. The polarized relay described in the previous chapter 
is the only one which is sensitive enough to be used for long-distance 
wireless telegraphy. 

The De-Coherer 

The de-coherer or tapper for restoring the filings in the coherer to 
their original or non-conductive state resembles an ordinary electric 
bell, except that the vibrations of the hammer are not as rapid. 
Usually the device is so constructed that the strength of the stroke 
of the hammer can be adjusted to suit conditions. 

For receiving the message modern systems use a telephone receiver 
instead of the Morse sounder or ink-writer. 
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THE TELEPHONE 

The transmission of speech by electricity is one of the most inter- 
esting exhibitions of the law of the conservation of energy. The com- 
mon popular idea that the sound produced at one end of the telephone 
circuit actually travels over that circuit in order to be heard at the 
other end is, of course, erroneous. In fact the actual sound produced 
at one end of a telephone circuit travels no farther than it would if 
the telephone apparatus were not present, but the energy produced by 
the sound is changed or transformed in the telephone apparatus into 
electrical energy which travels over the wire and which again is re- 
transformed by the apparatus at the other end of the line into sound. 
When speaking, a series of vibrations in the vocal chords create sound 
waves or, rather, air waves, which represent the energy that is to be 
transformed into electrical energy in order to permit of transmission 
over a long distance. The actual telephoning, hence, consists of three 
processes, first, the directing of the voice into a sending instrument, 
second, the conducting of the voice equivalent transformed into elec- 
trical energy over the line, and, third, the receiving of the voice 
equivalent in the form of electrical energy and transforming it into 
sound energy at the end of the line. The sending instrument is called 
the transmitter, the conducting circuit or wire is called the line, and 
the instrument which changes the electrical energy into sound at the 
further end of the line is called the receiver, these names indicating 
clearly the functions of the various devices. It is the object of the 
present chapter to describe the apparatus by means of which the trans- 
mission of speech by electricity is accomplished. 

Historical 
In 1868 Philip Reis, of Friedrichsdorf, Germany, invented the first 
apparatus by means of which sound could be transmitted to a distant 
point by the aid of the electric current. The name telephone was 
given to this apparatus by the inventor. His invention, however, was 
not of so practical a nature as to become commercially useful. In 
1876 patent specifications were filed simultaneously at Washington by 
Alexander Graham Bell and Elisha Gray, for a speaking telephone, 
and in February, 1876, a patent was granted to Bell. The question of 
the priority of the two inventors caused litigation which ended in a 
compromise, consisting in the forming of a company which brought 
out the inventions of both the inventors. The invention of the tele- 
phone, however, is generally credited to Bell, and apparently Justly so, 
both from a legal and a scientific point of view. 

Principle of Transmission of Sound by the Telephone 
As already mentioned, when sound is produced, vibrations are set up 
in the air. The simplest kind of vibration, and one the nature of 
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which is most easily understood, from the fact that it is most com- 
monly produced by the vibrations of a metal string, is that of a musical 
tone. As an example, it may be mentioned that the musical tone 
known as middle C is produced by 256 vibrations per second. The 
vibrations produced by the human voice are much more complicated 
in their nature than those of a musical instrument, and due to this 
fact, the very earliest attempts for transmitting sound by means ot 
a telephone apparatus were capable of reproducing musical tones, but 
could not transmit and reproduce the sounds of the human voice. 

The simplest form of telephone, the form, in fact, on which the 
original invention of Bell was founded, is Illustrated diagrammatically 
in Fig. 17. In this simple type, the principle of transmission depends 
exclusively upon electromagnetic induction. The instruments at 
each end of the circuit are the same, so that in this case there 
is no difterence in construction between transmitter and receiver. 
Assume, however, for purposes of explanation that A Is the trans- 
mitter and B the receiver. At C and D are shown two permanent 
bar magnets, wound on their ends with a number of coils of line 
insulated copper wire, as shown at E and F. At G and H are shown 
elastic disks made of very thin sheet Iron. These disks vibrate when 
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FUr* 17. Principle of Blxnplest Form of Telephone 

sound or air waves strike them, due to the voice being directed into 
the instrument holding them. These disks are commonly known as 
the diaphragms. 

Now assume that sound is to be transmitted from A to B. The 
permanent magnet C sets up a magnetic field or lines of force, and as 
the diaphragm G offers a path for these lines of force having less 
resistance than the surrounding air, a great number of the lines of 
force will pass through it. Now when the voice is directed against 
the diaphragm G, the vibrations in the air will cause the thin sheet 
steel disk to vibrate. When the disk during its vibrations comes 
closer to the end of the magnet, a greater number of lines of force 
pass through it, and when it recedes from the magnet, a smaller num- 
ber of lines will pass through it. By means of this action a less or 
greater number of lines of force will pass through the coil £7, and 
due to this, an alternating current will be induced in it, the strength 
of which will be proportional to the rate of change in the number of 
lines of force. The alternating currents produced in coil E pass 
through the line to the coil F wound around the magnet D, at the 
receiving end B of the line. Due to electromagnetic action, the cur- 
rents set up will either add to or subtract from the original strength 
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of the magnet D. When they add to the strength of the magnet, the 
diaphragm H will evidently be attracted, and when they subtract from 
or decrease the strength of the magnet, the diaphragm moves away. 
It is obvious that on account of this action the diaphragm H will be 
caused to vibrate exactly in accord with the diaphragm at the trans- 
mitting end A, and as in this manner similar vibrations are set up in 
the air, the sounds producing the vibrations at the transmitting end 
will be reproduced by the diaphragm at the receiving end, although 
not with the same strength. 

The simple arrangement described has been somewhat modified in 
the modern commercial telephone. The principal difterences are that 
there is a special transmitter at each end of the line, separate from 
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FUr. 18. Dtesrammatloal mustratlon of the Bfteot of PrBumun 
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the receiver, and that this transmitter is constructed on a principle 
entirely different from the receiver. The principle of the modern 
receiver, however, is essentially the same as that explained above. 

The Telephone Transmitter 
In a telephone based on the simple principles Just outlined, where 
the same instrument is used for transmitter and receiver, and the 
whole action is due to electromagnetic induction, the strength of the 
current for lines of even moderate length is so diminished, due to the 
line resistance, that satisfactory results are not obtainable. For this 
reason it was found necessary to devise an instrument which would 
vary the current in exact accord with the sound waves and which 
current could, through the means of an induction coil, induce such a 
current in the coll of the receiving telephone that the sound would 
be distinctly reproduced at the other end of the line. Edison, in 1877, 
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conceived the idea of utilizing carbon as an element in transmitter 
construction, basing his investigations along these lines upon the fact 
that the resistance of carbon to the flow of electric current depends 
upon the mechanical pressure exerted upon the carbon. 

The effect of pressure on the electric resistance of carbon is dia- 
grammatically illustrated in Fig. 18, where an electric circuit is shown 
connected to two metal blocks separated by a piece of carbon. The 
metal block on the top exerts a different pressure on the carbon In the 
three Instances shown, and as the electric resistance decreases with 
increasing pressure, a current of different strength will flow through 
the line in each case. The action of the telephone transmitter or 
microphone depends upon the same fact: If the resistance of the cir- 
cuit is Increased, the current will decrease, and if the resistance is 
decreased, the current will Increase, the variations in resistance being 
produced by varying the pressure on the carbon placed between the 
electrodes, that is, the terminals or parts to which the ends of the 
electric current carrying wire are connected, as A and B in Fig. 18. 
On this basis three different types of transmitters have been con- 
structed. In one type only one carbon contact is employed for varying 
the resistance; In another type a number of contacts are used; and in 
a third type granulated carbon is employed, thus producing a very 
large number of Individual contacts. 

The Blake Transmitter 

In Fig. 19 is shown a diagrammatical section of the Blake telephone 
transmitter, which is an example of the type of transmitter using a 
single carbon contact for varying the resistance. In this device the 
diaphragm is shown at A. This diaphragm is similar to that used in 
the receiver in the original type of telephone. All transmitters, of 
whatever type, use a diaphragm of practically the same kind. B and 
C are two flat springs, and D is a piece of carbon, usually called a 
carbon button, which rests in holder E, The diaphragm A is sup- 
ported by a rubber ring. It is held in place by two springs called 
damping springs, which are not shown in the illustration. The object 
of these springs is to check the vibrations of the diaphragm as soon 
as the vibrations have filled their purpose of producing undulations 
in the electric current. On the spring B is mounted one of the elec- 
trodes, in this case a platinum pin. One end of this pin rests against 
the center of the diaphragm, and the other end rests against the 
carbon button D, which forms the other electrode, and which together 
with its holder E is mounted on spring C, The springs are so adjusted 
that the carbon button bears lightly against the end of the platinum 
pin. The spring B acts in the direction of spring C, that is, it has a 
tendency of pulling the platinum pin away from the diaphragm, but 
this tendency is counteracted by spring C, which Is stronger, and 
which exerts a force in the opposite direction and thus keeps the 
platinum pin in contact with both the diaphragm and the carbon 
button. 

Being mounted on springs, it is evident that both the electrodes 
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can move freely when the diaphragm vibrates. The carbon button, 
however, being mounted on a stiffer spring and being held in a com- 
paratively heavy socket, cannot respond as quickly to the vibrations 
as does the platinum pin mounted on a very sensitive spring. Vibra- 
tions in the diaphragm, therefore, produce a variation in the pressure 
between the platinum pin and the carbon button, thus varying the 
resistance at the point of contact and permitting a current of varying 
strength to pass through. The two springs B and C are insulated 
from each other, so that the current is led into the platinum electrode 
by the one and from the carbon electrode by the other. The ends of 
the springs, of course, are connected to the wires passing through the 
batteries which furnish the current, and around the induction coil 
where the current passing through the line, and to the receiving end, 





FUr* 10. The Blaka Tnuunnlttar Fl^r* 20. The Hnniiiii8« Transmitter 

is induced, as will be described later. The mechanical pressure be- 
tween the platinum pin and the carbon button can be adjusted by 
means of screw F, which bears against the bent-up end of a lever G. 
The Blake transmitter is used to some extent at the present time 
and works fairly satisfactorily on lines of moderate length. Its dis- 
advantages are that it is difficult to keep in adjustment, and that it is 
not Adapted for long-distance work, because of not being sensitive 
enough. The type of transmitter mentioned above which uses several 
carbon button contacts is not used very much, and is, therefore, of no 
specific interest. The third form employing granulated carbon, how- 
ever, is rapidly replacing the other types and must be accorded an 
extended description. 

The Hunning'B Transmitter 

A diagrammatical section of the Hunnings transmitter is shown in 
Fig. 20. In its simplest form this transmitter consists of two Insu- 
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lated plates A and B of conducting material, these plates forming the 
electrodes of the transmitter and having a space between them which 
is filled with granular carbon as shown at C, The plate A serves also 
as the diaphragm, and is clamped between the body of the transmitter 
and the cap D. The two electrodes are connected to the wires of the 
battery circuit by binding posts F and G, as indicted. When sound 
waves Impinge upon the diaphragm, vibrations are set up, and the 
pressure upon the great number of contact points between the granular 
carbon and the metal plates causes a current of varying strength to 
flow from one electrode to the other. A greater variation of resistance 
is produced in this type of transmitter than in the Blake transmitter 
previously described, and heavier currents can also be used. 

Improvements have been made on this transmitter, but the improved 
types work on the same principle as that described, the improvements 
being merely in details. The Hunnings transmitter operates in a 
{Satisfactory manner over long distances. The only disadvantage with 
granular carbon transmitters is that there is a decided tendency on 
the part of the granular carbon to pack together. The packing in 
transmitters is due to the expansion of the carbon granules by the 
heat generated by the current and also by the heat of the breath of 
the user of the instrument. It is evident that if the granules have 
no space in which to expand, and particularly if the expansion of 
other parts as well tends to decrease the space in which they are con- 
tained, then they will pack solidly together. When in this condition 
the sensitiveness of the device is seriously impaired. In fact, when 
the carbon becomes solidly packed together the transmitter is useless 
for its purpose. This packing can be overcome by striking the side 
of the transmitter a sharp blow by the hand, but this practice cannot 
be recommended, because, as one authority on this subject says: "The 
Lands of the layman are not conducive to the longevity of the instru- 
ment." 

In modem transmitters the tendency to packing is, therefore, re- 
duced to a minimum by the design of the device itself, the "solid 
back" transmitter being devised for this purpose. The principle by 
means of which packing is prevented in this instrument is as follows: 
An annular space is provided between the "periphery of the electrodes 
and the inside surface of the chamber in which the electrodes are con- 
tained. A certain number of the carbon granules are contained in this 
annular space, but it is not quite filled to its full capacity. The 
granules in the annular space are not heated when the current passes, 
and hence do not expand. When the granules which are located di- 
rectly between the electrodes become overheated, they can expand 
into the annular portion, hence preventing packing between the elec- 
trodes. The transmitters used at the present time are nearly all made 
according to the principles outlined for the solid back type of trans- 
mitter. 

The Receiver 

The telephone receiver, of practically the same type as the one now 
used, except for improvements in details, was first exhibited publicly 
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at the Centennial Exposition in Pliiladelphia in 1876 by Alexander 
Graham Bell. As already mentioned, speech can be both transmitted 
and received by this instrument, but it is not satisfactory when used 
as a transmitter. The essential parts of the receiver are a magnetized 
steel bar, a coil of fine copper wire, and a diaphragm of thin sheet 
steel. Two forms of receivers are in common use, one being termed 
ii single-pole and the other the bi-polar type.. 

The single-pole type is represented by the Bell type of receiver shown 
in Fig. 21. The outer casing of the receiver is made of hard rubber, 
so as to be thoroughly insulating. Inside of this casing is placed a 
laminated bar magnet A. At one end of the magnet is a pole piece of 
soft iron B and at the other end a block C. On the pole piece B is 
placed a coil D of fine insulated copper wire, which is connected with 
the line through wires J^ leading to the binding posts G at the end of 
the receiver. On the other end of the receiver is a cap H which sup- 
ports the diaphragm of the instrument; as indicated, this is placed 
Immediately in front of the pole piece of the magnet so that the part 
of it which is opposite the pole piece is free to vibrate. The coil D 
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on the pole piece at the front end of the receiver is made of a great 
many turns so as to be sensitive to the slightest change in the current 
passing through it. 

When the induced current in the line passes through the coil, it 
increases or decreases the magnetism of the bar magnet as already 
described in the first part of this chapter, thus producing vibrations 
in the diaphragm on account of the greater or less force by means of 
which the diaphragm is attracted to the magnet, the result of it all 
being the duplication of the sounds of the voice entering the trans- 
mitter at the other end. The whole telephone system has been likened 
to an electric power transmission plant. At the transmitting end the 
mechanical energy in the form of air vibrations is absorbed and trans- 
formed into electrical energy. This electrical energy is conducted to 
another point and finally there retransformed into mechanical energy. 
Of course, with the transmitter of the modern type, the primary cur- 
rent is supplied by a battery and not produced directly by the energy 
of the Impinging air waves. 

The single-pole receiver is at the present time being more and more 
replaced by the bi-polar receiver, which does not difter from the other 
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in principle, but simply in the fact that the permanent magnet of the 
receiver instead of being straight is constructed as a horse-shoe magnet. 
In this way both poles of the magnet are placed in a position where 
they can act on the diaphragm, thus increasing the strength of the 
magnetic field and consequently producing an instrument which is 
more sensitive and efficient. A pole piece of soft iron is fastened to* 
each end of the horse-shoe magnet and a coil of Insulated copper wire 
is placed on each pole piece. The bi-polar receiver is always used in 
long-distance telephone systems, and to a considerable extent for local 
systems. 

The Induction Coll 

The success of the telephone system depends upon the employment 
of the induction coil, by means of which the voltage of the out-going 
current is raised above that of the transmitter, and its character 
changed from that of a direct-current into an alternating wave of 
electricity. The transmitter is mounted in series with a local circuit, 
containing a battery, and passing around the induction coil as the 
primary winding. The receiver is placed in the circuit containing the 
line, and the fine wire secondary winding of the induction coil. The 
principle of the action of the induction coil was described in the pre- 
vious chapter: two coils are mounted on a soft iron core; one of the 
coils carries the current which is produced by the local battery and 
passes through the transmitter; the current in the other coil results 
from the pulsating movement of the current in the first coil. 

The principle of the induction coil in telephony was first introduced 
by Elisha Gray, the object being to avoid the necessity of using too> 
powerful a current in the transmitter. In this way the transmitter 
can be used in series with a low-pressure current, produced either by 
a battery or obtained from a storage battery charged by a dynamo. 
As the current which proves most satisfactory in the receiver is an 
alternating current, the use of the induction coil fills the require- 
ments very satisfactorily, because by means of the induction coil the 
direct current of the primary circuit containing th<^ transmitter is 
changed into an alternating current. The ordinary Induction coll for 
telephone use consists of 200 turns of No. 20 Brown & Sharpe gage 
wire, wound in two layers around the core. This wire constitutes the 
primary coll, and around this is wound the secondary coll, which 
consists of about 1,500 turns of No. 34 Brown & Sharpe gage wire, also 
wound in a double layer. By this means the electromotive force of 
the induced current in the line Is raised to a considerable height, 80> 
that the resistances are more easily overcome and the effect in the 
receiver becomes great enough to distinctly reproduce the speech. 

The Complete Telephone Circuit 

Having described the various instruments used for a telephone sys- 
tem of a simple type, we are now ready to examine the condition of a 
complete telephone circuit A diagrammatical view of a complete 
circuit is shown in Fig. 22, where the various elements are indicated 
in a manner making it easy to trace the different circuits. The cir- 
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cults consist of a transmitter and receiver at the end of each line, 
the transmitters being in a local circuit supplied with current from bat- 
teries A, while the receivers are on the line circuit, the current of 
which is produced entirely by induction in the induction coils B and 

- RECEIVERS ' 
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€. From what has previously been said about the construction and 
action of the various instruments making up the complete system, its 
action is easily understood without further explanation. 

While, however, an arrangement such as shown will serve to trans- 
mit and receive messages, it would not make it possible to call the 
person or station one desires to speak to, and for this reason it is also 
necessary to equip the installation with some kind of a calling device. 
For this purpose the magneto-generator is ordinarily used. Although 
the telephone systems in large cities, for example in New York, dis- 
pense with the necessity of employing a magneto for ringing up a 
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subscriber, still the magneto call-bell is required for signalling from 
the exchange itself to a subscriber. In this case the subscriber signals 
"central" by merely lifting the receiver off the switch-hook, but "cen- 
tral" signals the desired number by ringing the subscriber's bell. 

The magneto-generator usually consists of a generator having per- 
manent field magnets and a small shuttle armature wound with many 
turns of line copper wire (as shown diagrammatically in Fig. 23) and 
producing an alternating current. The armature of the magneto- 
generator can be rotated at a very high speed by means of a small 
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pinion mounted directly on the armature shaft, and meshing with a 
larger gear mounted on a shaft on which in turn the hand-crank for 
the operation of the instrument is placed. The magneto-generators 
used are constructed so as to ring through 1000, 5000, 10,000 or even 
50,000 ohms of resistance. The magneto-generator is of exceptional 
importance and of great advantage in telephone service. It is of a 
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Plff. 24. Principle of ConstrnoUoii of the Call-bell 

simple and cheap construction, it is always ready to produce an alter- 
nating current by a few turns of the handle, and is able to ring through 
high resistance with comparative ease.. At exchange stations it is a 
common practice to use a magneto-generator driven by power. In 
some cases current for ringing purposes is supplied by an ordinary 
generator. 

A diagrammatical view of the construction of the call-bell is shown 
In Fig. 24. The armature and cores are so situated in respect to 
each other that when an alternating current 
passes through the coils of the magnets, the 
armature is alternatingly attracted and repelled 
rapidly; the bell hammer then stril^es the two 
small gongs violently. The attractions and re- 
pulsions are the results of a permanent magnet 
being utilized to act both as a support for the 
magnet cores and as a pivot for the armature. 
The two cores are thus magnetized by one pole 
and the swinging armature by the other. It 
is obvious that an alternating current passing 
through the windings of the magnets will 
alternately weaken or strengthen their polar- 
ities, so as to cause the armature to 
oscillate rapidly between the poles and 
thus ring the bells by the hammer attached 
to it. 

If the current entering the subscriber's call-bell from a distance had 
to traverse the winding of the magneto-armature it would be weak- 
ened to a point that would probably render it useless for ringing the 
bell. To avoid this difBculty, a shunt or side path for the current is 
supplied in cases where a hand-operated magneto is used for signalling. 
This shunt in its simplest form consists of a round box-like device 
attached* to the shaft as shown in Fig. 25. It is partly filled with 
J^mall pieces of metal which are normally at rest as shown in the upper 
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Tlew. thus providing a path for the Incoming current which cuts' out 
the magneto. When the magneto handle is turned, however, the small 
metal pieces fly away through centrifugal force and thus break the 
shunt circuit otherwise formed by their being at rest and providing a 
contact with the shaft. When they are at rest the armature is, so to 
speak, short-circuited by them, but when they are thrown against the 
side of the box the magneto is restored to its normal condition and 
may be used for signalling. 

The Switch-hook 

One device which is part of the telephone apparatus remains to be 
described. The device representing the connecting link between the 
two important parts of the telephone system, namely the speaking 
and signalling circuits, is called the switch-hook, or, sometimes, the 
hook-switch. It is an automatic device by means of which the re- 
ceiver, when in use, cuts out the signalling circuits, and when not in 
use, by resting on tlie hook, throws them into circuit again. The 
principle of action is shown in Figs. 27 and 28. When the weight of 
the receiver is placed on the switch, it is pulled downward so that 
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the speaking circuit composed of the battery, transformer and primary 
of the induction coil is cut out. When the receiver is removed, the 
switch-hook cuts out the circuit containing the magneto and call-bell, 
and produces contact with the remainder of the apparatus. 

Simple Two-Btation Telephone System 
In Fig. 26 is shown a simple two-station telephone system. In the 
illustration the line is shown as consisting of two metallic wires drawn 
with full lines, but the dotted lines indicate the possibility of ground- 
ing the ends of the circuit at each station so as to transmit the cur- 
rent over only one metallic circuit. The battery circuits at each end 
are local and operate independently of each other, and have no direct 
connection with the line. The battery must receive attention if its 
strength diminishes. 

Complete Telephone Systems 

Summarizing, it will now be understood that a complete telephone 
Hystem consists of three distinct parts, a calling apparatus, a trans- 
mitting apparatus, and a receiving apparatus, each of these having a 
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complete electric circuit. The calling apparatus consists of the 
magneto-generator and the call-bell, the transmitting apparatus con- 
sists of the transmitter, the batteries and the primary winding of the 
induction coil, while the receiving apparatus and circuit consists of 
the secondary of the induction coil, the line and the receiver. 

Distinction is made between two types of telephones, difTering as 
to the details of the connections between these various fundamental 
constituents, the two types being known as the series telephone and 
the bridged telephone. A diagrammatical sketch showing the con- 
nections of a series telephone is shown in Fig. 27, and of the bridged 
telephone system in Fig. 28. 

Series Telephone System 

In the illustration Fig. 27, when the receiver is placed on the hook 
A, the switch is in the position shown, the magneto-generator B and 
the call-bell C being connected in series with the line through the con- 
tact at D. The magneto-generator is automatically cut out by the 
method just described. If the receiver is now removed from the hook, 
then, due to the action of a spring, the left-hand end moves upward 
and the right-hand end moves down, and the contact at D is broken, 
while a contact is made at E and F, The primary circuit containing 
the battery and transmitter is then closed, and the secondary circuit 
containing the receiver and the induction coil is connected to the line, 
G and H being the line terminals. This type of telephone is used only 
where not more than two telephones are connected on a line. 

The reason why the series telephone cannot be used if several tele- 
phones are connected on a line is that with series telephones ringers 
of from about 80 to 120 ohms resistance are used, and on account of 
this comparatively low resistance, it would be impossible to ring a 
number of the call-bells in multiple. In addition, since all the bells 
would be constantly in the circuit, it would interfere with the use of 
the instruments. 

Bridged Telephone System 

In Fig. 28 the call-bell is permanently bridged across the line, and 
the magneto-generator is also bridged, the circuit through it being 
open when it is not in use, and automatically closed when operated, 
as already described. In this system, when the receiver is lifted from 
its hook, a contact is produced at A and B for the primary and sec- 
ondary circuits, the same as in the series telephone. The advantage 
of this system, however, is that the call-bell does not interfere with 
the action of the receiving circuit, since in this case the call-bells 
have a resistance of about 1600 ohms, and are wound so that their 
self-induction is large. With this system several telephones can be 
bridged upon one circuit. 

Three methods are in use for constructing lines, these being the 
ground circuit, the metallic circuit, and the common return. In the 
grounded circuit but one wire is used, the other terminals being con- 
nected to the ground. In the metallic circuit two wires are used, one 
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for the incoming current and one for the return. In the common 
return, the circuit is completed through a common copper wire, thus 
differentiating it from the metallic circuit where each separate circuit 
has a return of its own. 

The telephone systems in vogue may also be classified in three gen- 
eral divisions, as follows: 

1. The party line and intercommunicating system. 

2. The central station, or central exchange system. 

3. The automatic central station system, or automatic exchange. 
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The intercommunicating system is of great service where the number 
of telephones is not too great. It finds its best application in hotels, 
factories and b^mses employing many telephones. By this system of 
telephoning, any one in the system may be reached and spoken to 
readily, this object being generally accomplished by means of a spe- 
cially constructed switch. The party line or common circuit system 
is open to objections, among which the chief one might be regarded as 
lack of privacy. The central station system is by far the most im- 
portant. 

The Central Station and Its Switchboard 

Where more than 20 or 30 subscribers are dependent upon a tele- 
phone system for business or social purposes, any other than a system 
employing a switchboard is out of the question. In detail it consists 
of an apparatus so equipped that tw3 subscribers may be readily 
placed in communication with each other when one "rings up" and 
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asks for the other. This apparently simple requirement is accom- 
plished by means of a switchboard, whose devices are adapted to this 
purpose, and whose functions may be classified under the following 
heads: 

1. For notifying "central": Drops are employed. 

2. For connecting subscribers: Spring Jacks are used. 

3. For line terminals of subscribers: Plugs with flexible cords are 
used. 

4. For listening and ringing up subscribers: Keys or switches are 
used. 

The switchboard is so constructed that the operator or "central" can 
readily see and manipulate at the same time. The drops occupy the 
upper portion of the switchboard, as indicated In the diagrammatical 
sketch, Fig. 29, and may run up in numbers corresponding to the 
number of subscribers' wires. Beneath these drops are the spring 
jacks, then on the horizontal portion of the switchboard are the plugs 
and keys, as indicated. 

The switchboards in use for city 
subscribers are necessarily very large 
and complicated. The smaller type of 
switchboard, serviceable for 60» 100, 
200 or 300 subscribers, would not be 
satisfactory to cope with a system 
having subscribers running into the 
thousands. Confusion and consequent 
delay would be the certain cause of 
failure. The operators are therefore 
given a certain number of subscribers 
apiece to take care of, with the means 
as well, in the switchboard construc- 
tion, of connecting them to any otner 
subscriber who is attached to the 
same board. Thus the labor is sub- 
divided without any resulting delay 
operator only takes care of 100 or 200 
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Now, when a number of small switchboards were employed, and an 
operator with such a switchboard desired to connect a subscriber ts 
another on a switchboard at the other end of the room, difllculty would 
naturally result if no special means were provided for this contin' 
gency. To obviate this the subscribers are grouped into sections, and 
their lines brought to one large multiple switchboard, in which not 
only are the subscribers' lines in each section of easy access to the 
operator, but the connection permits the operators to connect the 
subscribers of the section in their individual charge to any other on the 
switchboard. This arrangement is shown in principle in Fig. 30, 
where the employment of local Jacks simplifles the proposition. Here 
the Jacks of all subscribers on the multiple board are found in eadi 
section of the board. Each operator can therefore connect a sub- 
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scriber with the utmost readiness with whosoever they may desire. 
In a multiple board, consisting of four sections of live subscribers 
each, if the operator In charge of section No. 1 ranges from 1 to 5, and 
No. 2 from 6 to 10, then they can manipulate as follows : 

Operator No. 1 from 1 to 5. and to any one from 1 to 20. 
Operator No. 2 from 6 to 10, and to any one from 1 to 20. 
Operator No. 3 from 11 to 16, and to any one from 1 to 20. 
Operator No. 4 from 16 to 20, and to any one from 1 to 20. 
A study of the diagram will show the meaning of this important 
principle in multiple switchboards. 
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WIRELESS TELEPHONY 

The name of wireless telephony Is given to that system for the trans- 
mission of intelligence in which the human voice is transmitted, with- 
out a visible conductor, by means of electrical or ether waves, which 
are again transformed into audible speech. The waves are produced 
at one point, radiated, and received at another point. The electrical 
waves are noiseless, because they do not in any way affect the ear 
drum; but they can be transformed into air vibrations by means of 
suitable apparatus, and thus audible and intelligent speech be created, 
corresponding to the sounds that have produced certain conditions of 
the waves at the transmitting end. 

The history of the invention of wireless telephony is one of the most 
interesting chapters in the history of invention. More than twenty 
years ago it was demonstrated that it was possible to transmit the 
sound of the voice by means of a flickering beam of light controlled 
by the sound waves of the human voice. But this method did not, of 
course, permit of the transmission of messages over very great dis- 
tances, and the principle of wireless telephony as applied to-day is 
entirely different. The origin of the present method of wireless 
telephony may be traced back to the arc-light method employed by 
Elihu Thomson for producing a very rapid series of electrical im- 
pulses. By this means Prof. Fessenden was able in 1902 to transmit 
speech without the means of transmitting wires. 

The progress from that time up to the present moment has been 
rapid. In 1906 Fessenden was able with an apparatus reasonably 
simple, considering the object to be secured, to transmit speech over 
a distance of eleven miles. Later he has been using an alternating 
current dynamo having a frequency of from 50,000 to 80,000 cycles per 
second. With this machine as the source of electrical waves, wireless 
telephony has become possible over distances of several hundred miles. 
In this connection the experiments of Prof. Poulsen, a Danish in- 
ventor, should be mentioned. He has achieved considerable success 
along the lines of wireless telephony. Other inventors which may be 
mentioned are Majorana, of Italy, and De Forest, an American. 

High-flrequency Waves Used in Wireleaa Telephony 
The primary requirement in wireless telephony is to produce electric 
waves having a very high frequency, that is, moving through space at 
very short intervals. The simplest method by means of which waves 
can be produced is by means of an alternating current dynamo so con* 
structed that it creates 100,000 alternations per second, more or less. 
This wave action may be considered as a kind of background on which 
the specific waves, due to the sound, are impressed. This background 
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Is called the wave train. There are three methods of producing electric 
waves or wave trains of high frequency. They are as follows: 

1. — The spark-break method, in which a circuit containing capacity, 
inductance and resistance Is used for producing a series of sparks and 
consequent waves. Any circuit consisting of a condenser, resistance 
and induction colls and supplied with electrical energy at high pressure 
will produce electric waves by this method. It Is, however, not con- 
sidered a practical method for wireless telephony. 

2. — ^An alternating current generator or some equivalent device, 
capable of producing 20,000, 50,000 or 100,000 cycles per second. 

3. — The arc light as modified by capacity and inductance by Elihu 
Thomson in 1893, and W. Duddell in 1900. The latter discovered the 
properties of the so-called singing arc, produced by shunting a circuit 
having a condenser and inductance In it, as Indicated at B and C, Fig. 
31. High frequencies can be obtained in this manner at an estimated 
rate of 300,000 to 3,000,000 per second. 

Each of these methods requires consideration In the construction of 
a practical wireless system. The main point to remember, however, 
is that there are two sets of waves utilized, one called the wave train, 
and produced by the means just mentioned, and a second set of waves 
that Is impressed upon the wave train by the voice or sound waves to 
be transmitted. 

Comparison Between Methods Used fbr Producing High Frequency 

In the alternator used for producing a high frequency It Is neces- 
sary to use from 200 to 300 magnetic poles on the machine, and the 
armature must be revolved at a very high rate of speed. The number 
of alternations of the current Is directly depending upon the number 
of poles and the number of revolutions per minute, the number of 
alternations being the product of these two latter numbers. The dlf* 
Acuities of the method are, first, that the revolutions per minute of the 
armature are limited by the strength of the moving parts, as these 
would burst, due to the centrifugal force, if revolved at too high a 
rate of speed, and, second, that the magnetic poles must be placed 
very close together, which is unsatisfactory from an electrical point 
of view. On account of this, and also on account of the expense of 
machines of this type, the singing-arc method has been employed for 
producing the waves required. 

In this method two solid conductors are used, one of carbon and 
one of copper, with a short gap filled with air or other gas between 
the conductors, as shown at A, Fig. 31. The electric resistance of the 
air gap varies the strength of current flowing through it, and on this 
depends the principle of the device. When cold, the resistance of the 
air space is very great, but when heated by the flow of the current 
across it, the resistance falls to a very low value, and a very small 
variation in the strength of the current will cause a corresponding 
change In the resistance opposing it in the space between the elec- 
trodes. The ends of the electrodes are connected to a system of con- 
ductors which determines the frequency of the electrical vibrations. 
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The action Is in main as follows: When a direct current from a 
dynamo or a battery is sent through the air gap A as shown in Fig. 
31, the electricity in the circuit attached to it commences to alternate 
at a rate controlled mainly by the condenser and resistance shown at 
B and C, Hence, we have here a simple method of obtaining alternat- 
ing currents of high frequency by a direct current. In order that the 
variations of the resistance at A may be as sensitive as possible, it is 
important that the electrodes are cooled rapidly. In some devices the 
copper electrode is cooled by air or water, by means of special devices. 

Conditions Ooverning the Use of an Arc 

The conditions that must be established in the use of an arc are. 
according to Mr. Diiddell, as follows: 

1. — The arc must be supplied with a steady electromotive force, 
obtained from storage or primary cells, if a generator is not convenient. 

2. — Solid carbons instead of cored must be employed. 

3. — The induction coil employed must be of low resistance. 

4. — The condenser must be constructed to stand high pressure with- 
out a breakdown, and also sudden variations in the amount of the 
charge. 

By producing the arc in hydrogen gas or illuminating gas the waves 
thrown out per second are increased in number. An arc burning in 
air will produce 50,000 waves or alternations per second, while an arc 
burning in hydrogen will produce over 300,000 waves per second. The 
length of the arc is an item of considerable importance, as it bears 
upon the success or failure of the system. Too long an arc will not 
work, nor will too short an arc. There is a given length called the 
active length of the arc which must be adhered to in operating the 
system. If, when tne arc is active, the waves become too rapid, then 
the arc must be shortened. 

The Wireless Telephone System 

It will now be understood that a wireless telephone system divides 
itself into three distinct parts, as follows: 

1. — The apparatus producing the wave train. 

2. — The apparatus used for transforming the voice vibrations into 
electrical waves impressed upon the wave train. 

3. — The apparatus used for receiving the electrical wave equivalent 
of the voice and transforming it into speech. 

The parts of the transmitting station (see Fig. 31) are as follows: 

The microphone transmitter circuit. 

The arc lamp or wave-producing circuit. 

The radiation or antenna circuit. 

This indicates that the telephone transmitter is spoken into, which 
impresses this set of vibrations on the wave-producing circuit and by 
means of the antenna radiates the same into space. 

The parts of the receiving station are as follows: 

The telephone receiver circuit. 

The wave detector. 

The aerial and tuning circuit. 
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The TransmittinfiT Apparatus 

In Fig. 31 Is shown the transmitter or sending apparatus. At E is 
shown the transmitter of similar kind as the ordinary telephone trans- 
mitter, and connected in the local circuit containing a battery and the 
coils of a transformer, the battery being shown at F, and the trans- 
former at D, By means of the transformer D the current in the local 
circuit passing through the transmitter controls the supply of current 
to the arc at Af. At B is shown a condenser, and at (7 a coil of wire 
giving inductance as already mentioned. At G is a second transformer 
by means of which the generating circuit through A, B and O is con- 
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nected to the antenna H and the ground connection K, By this means 
the electric waves, as produced by the speaker's voice, are transmitted 
into space. The transmitter current of the local circuit influences by 
induction the supply current so that this current is increased or de- 
creased in a manner corresponding to the sound waves impinged upon 
the diaphragm of the transmitter. 

Several forms of aerial conductors, by means of which the current 
passes out from the instruments, have been devised. The best one is 
undoubtedly the fan-shaped aerial or antenna. The lower end of the 
aerial wire is led into the instrument room and there connected to 
one terminal of the current generating coil, while the other terminal 
is connected to a large metal plate sunk into the ground as shown at 
K in Fig. 31. 
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The current is actually conducted by the earth, so that the electrical 
resistance of the ground Influences to a considerable extent the possi- 
bilities of wireless transmission. The resistance in the sea being low, 
the possible distance of transmission of wireless messages over water 
is much greater than over land, and it Is also easier to transmit mes- 
sages over moist soil than over dry soil. It has been found that the 
differences are very considerable, and that a station which can trans- 
mit speech over a distance of say fifty miles over dry land can trans- 
mit with equal ease the speech over 200 miles of water. It has also 
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been found that conditions in the atmosphere account for curious dif- 
ferences in transmission by day and night. This was first discovered 
by Marconi. 

Beceivlnff InstrumentB 

At the receiving end of a wireless telephone system there is an 
aerial conductor and earth connection similar to those at the sending 
station. In this case, however, the aerial conductor is connected to 
the receiving instrument the same as is also the ground connection. 
In practice, of course, there is a receiving instrument and a sending 
instrument at each end of the line, either of which can be connected 
to the aerial and ground connections, so that speech can be transmitted 
and received at each station. 
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WIRELESS TELEPHONY 45 

A receiving apparatus is shown diagrammatically In Fig. 32. At 
A is shown the receiver, and at B a battery for producing the local 
current actuating the receiver. At O is shown a detector by means of 
which the local circuit is connected when the detector is impinged 
upon by the electric waves transmitted. At £> is a condenser, and at 
E a coil with a sliding connection F which is used for "tuning" the 
circuit & E D H to the frequency of the transmitted current G is the 
aerial conductor, and H is the earth connection. 

In the receiving apparatus the alternating current of high frequency 
transmitted through the ether is transformed into a direct current, 
the strength of which is proportional to the average value of the alter- 
nating current. The direct current is then transformed into air vibra- 
tions and sound by means of the ordinary telephone receiver. The 
so-called tuning of the instrument permits of working several wireless 
stations at once within the same area of electric influence without 
interference. The object in view is accomplished by the arrangement 
of the stations In pairs, each of which works with a current having a 
different number of alternations per second than the other pairs. In 
a case of that kind each receiver will interpret such messages as are 
sent by its corresponding station, ignoring all others. The system, of 
course, is so arranged that the receiving apparatus can be quickly 
changed so that*any one station can communicate with any other by 
tuning the instruments to correspond. 

The detector employed in wireless telephony may be either of electro- 
lytic or silicon type, or of any convenient form suitable to the purpose. 
Detectors may be generally classified as of the coherer type, the silicon 
type, the thermal, or the electrolytic type. 

The coherer type consists of a tube of nickel and silver filings sensi- 
tive to the impact of ether waves of high or low frequency. 

The silicon type consists merely of a piece of silicon in the detecting 
circuit, which is affected by and extremely sensitive to the ether waves. 

In the thermal type. Prof. Fessenden uses a fine platinum wire 
0.00006 inch in diameter to detect waves by their thermal effect. In 
the Collins system a thermo-detector is used for the waves, consisting 
of two wires mounted and crossing each other. They are of different 
metals and act most satisfactorily. The inventor claims a sensitive- 
ness which detects and acts with power equal to 0.00002 of an erg. 

The electrolytic type consists of a platinum wire dipped in vitric 
acid, sensitive to the ether waves by the variations in resistance due 
to the minute electro-chemical changes on the surface of the platinum 
wire. 

Oeneral Coneiderations 

There is an interesting law governing the amount of radiation from 
a wave producer. This law may be stated as follows: Radiation 
increases with the fourth power of the frequency. The table below 
indicates this relationship: 
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TABLE OF RADIATION 



Distance 




Radiation from 


Waves per second 


Antennae 


1 


10,000 


1 


4 


20.000 


16 


16 


40,000 


256 


64 


80,000 


4096 



In explanation of the table given it may be said that the range or 
mileage of an apparatus varies with the square root of the intensity 
of radiation; that is, as shown in the table, if the frequency per second 
is doubled, the radiation increases by the fourth power and the dis- 
tance by the square. For example, when the frequency is doubled the 
radiation becomes sixteen times as great and the distance over which 
the influence is felt becomes four times as great. 
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OUTIilNB OP A COURSE IN SHOP AND DRAFTING-ROOM 

MATHEMATICS, MECHANICS, MACHINE DESIGN 

AND SHOP PRACTICE 

Any intelligent man engaged in mechanical work can acquire a well-rounded 
mechanical education by using as a guide in his studies the outline of the 
course in mechanical subjects given below. The course is laid out so as to 
make it possible for a man of little or no education to go ahead, beginning 
wherever he finds that his needs begin. The course is made up of units so that 
it may be followed either from beginning to end; or the reader may choose 
any specific subject which may be of especial Importance to him. 



Preliminary Course in Arithmetic 
Jig Sheets 1A to 5A: — Whole Num- 
bers: Addition, Subtraction, Multi- 
plication, Division, and Factoring. 

JiQ Sheets 6A to 15 A: — Common 
Fractions and Decimal Fractions. 

Shop Calculations 

Reference Series No. 18. Shop 
Abithmetic for the Machinist. 

Reference Series No. 52. Advanced 
Shop Arithmetic fob the Machinist. 

Reference Series No. 53. Use of 

LOQABITHMIC TABLES. 

Reference Series Nos. 54 and 55. 
Solution op Triangles. 

Data Sheet Series No. 16. Mathe- 
matical Tables. A book for general 
reference. 

Drafting-room Practice 
Reference Series No. 2. Dbaftino- 

BOOM Pbactice. 
Reference Series No. 8. Working 

Dbawings and Dbafting-boom Kinks. 
Reference Series No. 33. Systems 

and Practice of the Dbafting-boom. 

General Shop Practice 

Reference Series No. 10. Examples 
OF Machine Shop Practice. 

Reference Series No. 7. Lathe and 
Planeb Tools. 

Reference Series No. 25. 
Dbilling. 

Reference Series No. 38. 
and Gbindino Machines. 

Reference Series No. 48. 
Filing. 

Reference Series No. 32. 
Tube AD Cutting. 

Data Sheet Series No. 1. 
Thbeads. Tables relating to all 
standard systems. 

Data Sheet Series No. 2. 
Bolts and Nuts. Tables of standards. 

Data Sheet Series Nos. 10 and 11. 
Machine Tool Opebation. Tables re- 
lating to the operation of lathes, screw 
machines, milling machines, etc. 

Reference Series Nos. 50 and 51. 



Deep Hole 

Grinding 

Files and 

SCBEW 

Screw 
the 

Screws, 



Principles and Pbactice of Assem- 
bling Machine Tools. 

Reference Series No. 57. Metal 
Spinning. 

Jigs and Fixtures 

Reference Series Nos. 41, 42 and 43. 

Jios AND FiXTUBES. 

Reference Series No. 3. Dbill Jigs. 
Reference Series No. 4. Milling 

FiXTUBES. 

Punoh and Die Work 
Reference Series No. 6. Punch and 

Die Wobk. 
Reference Series No. 13. Blanking 

Dies. 
Reference Series No. 26. Modebn 

Punch and Die Constbuction. 

Tool Making 

Reference Series No 64. Gage 
Making and Lapping. 

Reference Series No. 21. Measub* 
iNG Tools. 

Reference Series No. 31. Scbew 
Thbead Tools and Gages. 

Data Sheet Series No. 3. Taps and 
Thbeadino Dies. 

Data Sheet Series No. 4. Reamebs, 
Sockets, Dbills, and Milling Cuttebs. 

Hardening and Tempering 
Reference Series No. 46. Habden- 

ING AND Tempering. 
Reference Series No. 63. Heat 

Treatment of Steel. 

Blacksmith Shop Practice 
and Drop Forging 

Reference Series No. 44. Machine 
Blacksmithing. 

Reference Series No. 61. Black- 
smith Shop Practice. 

Reference Series No. 45. Drop Forg- 
ing. 

Automobile Construction 

Reference Series No. 59. Machines, 
Tools and Methods of Automobile 
Manufacture. 

Reference Series No. 60. Construc- 
tion AND Manufacture of Automo- 
biles. 
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Theoretical Mechanics 
Reference Series No. 5. First Prin- 
ciples OF Theoretical Mechanics. 

Reference Series No. 19. Use of 
Formulas in Mechanics. 

OeaiinfiT 

Reference Series No. 15. Spur 
Gearing. 

Reference Series No. 37. Bevel 
Gearing. 

Reference Series No. 1. Worm 
Gearing. 

Reference Series No. 20. Spiral 
Gearing. 

Data Sheet Series No. 5. Spur 
Gearing. General reference book con- 
taining tables and formulas. 

Data Sheet Series No. 6. Bbvel, 
Spiral and Worm Gearing. General 
reference book containing tables and 
formulas. 

General Machine Design 

Reference Series No. 9. Designing 
AND Cutting Cams. 

Reference Series No. 11. Bearings. 

Reference Series No. 56. Ball 
Bearings. 

Reference Series No. 58. Helical 
AND Elliptic Springs. 

Reference Series No. 17. Strength 
OF Cylinders. 

Reference Series No. 22. Calcula- 
tions OF Elements of Machine De- 
sign. 

Reference Series No. 24. Examples 
OF Calculating Designs. 

Reference Series No. 40. Fly- 
wheels. 

Data Sheet Series No. 7. Shafting, 
Keys and Keyways. 

Data Sheet Series No. 8. Bearings, 
Couplings, Clutches, Crane Chain 
and Hooks. 

Data Sheet Series No. 9. Springs, 
Slides and Machine Details. 

Data Sheet Series No. 19. Belt, 
Rope and Chain Drives. 

Machine Tool Desigrn 
Reference Series No. 14. Details 

OF Machine Tool Design. 
Reference Series No. 16. Machine 

Tool Drives. 

Crane Design 

Reference Series No. 23. Theory of 
Crane Design. 

Reference Series No. 47. Design 
of Electric Overhead Cranes. 

Reference Series No. 49. Girders 
FOR Elkctric Overhead Cranes. 



Steam and Gas Engine Design 

Reference Series Nos. 67 to 72, in- 
clusive. Steam Boilers, Engines, 
Turrines and Accessories. 

Data Sheet Series No. 15. Heat, 
Steam, Steam and Gas Engines. 

Data Sheet Series No. 13. BonxBS 
and Chimneys. 

Reference Series No. 65. Formulas 
and Constants for Gas Engine De- 
sign. 

Special Course in Ijocomotive Design 

Reference Series No. 27. Boilers, 
Cylinders, Throttle Valve, Piston 
AND Piston Rod. 

Reference Series No. 28. Theoby 
AND Design of Stephenson and Wal- 
bchaerts Valve Motion. 

Reference Series No. 29. Smokb- 
Box, Frames and Driving Machinery. 

Reference Series No. 30. Springs, 
Trucks, Cab and Tender. 

Data Sheet Series No. 14. Locomo- 
tive and Railway Data. 

Dynamos and Motors 
. Reference Series No. 34. Care and 
Repair of Dynamos and Motors. 

Data Sheet Series No. 20. WnsiNO 
Diagrams, Heating and Ventilation, 
AND Miscellaneous Tables. 

Reference Series Nos. 73 to 78, in- 
clusive. Principles and Applications 
OF Electricity. 

Heating and Ventilation 
Reference Series No. 39. Fans, 

Ventilation and Heating. 
Reference Series No. 66. Heating 

AND Ventilating Shops and Offices. 
Data Sheet Series No. 20. Wiring 

Diagrams, Heating and Ventilation, 

AND Miscellaneous Tables. 

Iron and Steel 

Reference Series No. 36. Iron and 
Steel. 

Reference Series No. 62. Testing 
THE Hardness and Durabiuty of 
Metals. 

General Reference Books 

Reference Series No. 35. Tables 
AND Formulas for Shop and Draft- 
ing-room. 

Data Sheet Series No. 12. Pipe and 
Pipe Fittings, 

Data Sheet Series No. 17. Mechan- 
ics AND Strength of Materials. 

Data Sheet Series No. 18. Beam 
Formulas and Structural Design. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation 
AND Miscellaneous Tables. 
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Ko. 39. Fans, Ventilation and Keatingf. 

— Fans; Heaters; Shop Heating. 

Va. 40. Fly-wheels. — T heir Purpose, 
Calculation and De.sij:rn. 

Wo. 41, Jig-a and Fixtures, Part I. — 
Principle-^ of Jiff and P'ixture Design; 
Drill and Boring Jig Bushings; Locating 
Points; Clamping Devices. 

No. 42. Jig's and Fixtures, Part II. — 
Open and Closed Drill Jigs. 

Wo. 43. Jig's and Fixtures, Part III. — 
Boring and Milling Fixtures. 

Wo. 44. ISachine Blacksmithlng*. — Sys- 
tems. Tools and Macliines used. 

No. 45. Drop Forging. — Liiy-out of 
Plant; Methods of Drt)p Forging; Di<*s. 

Wo. 46. Hardening and Tempering. — 
Hardening IMants; Treatifig High-Speed 
Si<-.«1: Hardening Gages; Hardening 
Kinks. 

Wo. 47. xnectric Overhead Cranes. — 
D«'sign and Calculation. 

Wo. 48. Files and Filing'. — Types of 
Filts; Using and Making Files. 

Wo. 49. Girders for Electric Overhead 
Cranes. 

Wo. 50. Frinciples and Practice of As- 
sembling Machine Tools, Part 1. 

Wo. 51. Frinciples and Practice of As- 
sembling Machine Tools, Part II. 

Wo. '52. Advanced Shop Arithmetic for 
the Machinist. 

Wo. 53. Use of l^ogarithms and l^ogtir- 
ithmic Tables. 

Wo. 54. Solution of Triangles, Part I. 
— Methods, Rules and Examples. 



Wo. 55. Solution of Triangles, Part II. 
— Tables of Natural Functions. 

Wo. 56. Ball Bearing's. — Principles ol 
Design and Construction. 

Wo. 57. Metal Spinning'. — M a c h 1 n e s, 
Tools and Methods Used. 

Wo. 58. Helical and Blliptio Sprlnfifs.— 
Calculation and Design. 

Wo. 59. Machines, Tools and Methods 
of Automobile Manufacture. 

Wo. 60. Construction and Manufacture 
of Automobiles. 

Wo. 61. Blacksmith Shop Practice. — 
Model Blacksmith Sliop; Welding; Forg- 
ing of Hooks and Chains: Miscellaneous 
Appliances and Methods. 

Wo. 62. Hardness and Durability Test- 
ing* of Metals.. 

Wo. 63. Heat Treatment of Steel. — 

Hardening, Tempering and Case-Harden- 
ing. 

Wo. 64. aage Making and l^apping. 

Wo. 65. Formulas and Constants for 
Gas Bngine Desig'n. 

Wo. 66. Heating and Ventilation of 
Shops and O faces. 
Wo. 67. Boilers. 
Boiler 



Wo. 68. 
neys. 

Wo. 69. 
Wo. 70. 
Wo. 71. 
Wo. 72. 



Furnaces and Chim- 

Feed Water Appliances. 
Steam Engines. 
Steam Turbines. 



Water Piping', 



Pumps, Condensers, Steam and 
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Wo. 73. Principles and Applications of 
Electricity, Part I. — Static Electricity; 
Electrical Measurements; Batteries. 

Wo. 74. Principles and Applications of 
Electricity, Part II. — Mapnetism; Elec- 
tro-Magnetism; Electro-Plating. 

Wo. 75. Principles and Applications of 
Electricity, Part III. — Dynamos; Motors; 
Electric Railways. 

Wo. 76. Principles and Applications of 
Electricity, Part IV.— iOlectric Ugh ting. 

Wo. 77. Principles and Applications of 
Electricity, J^art V.— Telegraph aud Tcl<- 
plione. 

Wo. 78. Principles and Applications of 
Electricity, Part Vi. — Transmission of 
Power. 

Wo. 79. l^ocomotive Building', I'art T. — 
Main and Side Rods. 

Wo. 80. locomotive Building, Part II. 
— Wlieel.s; Axles; Driving Boxes. 



Wo. 81. Iiocomotive Building, Part III. 
— Cylinders and Frames. 

Wo. 82. Iiocomotive Building, Part IV. 
—Valve Motion and Miscellaneous De- 
tail.s. 

Wo. 83. Iiocomotive Building, Part V. 
— 15oiler Shop Practice. 

Wo. 84. Iiocomotive Building, Part VI. 
— Erecting. 

Wo. 85. Mechanical Drawing*, Part I. 
— Instruments; Materials; Geometrical 
Problems. 

Wo. 86. Mechanical Drawing, Part II. 

— Pr<»je(tion. 

Wo. 87. Mechanical Drawing, Part III. 
— Machine Details. 

Wo. 88. Mechanical Drawing", Part IV. 
— Macljine Details. 

Wo. 89. The Theory of Shrinkafire and 
Forced Fits. 

Wo. 90. Railway Repair EHiop Practice. 
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Vo. 1. Serew Threadii. — U«ited States, 
Whitworth, Sharp V- and British Associa- 
tion Standard Threads; Briggs Pipe 
Thread; Oil Well Casing Gages; Fire Hose 
Connections; Acme Thread; Worm 
Threads; Metric Threads; Machine, W^ood, 
and Lag Screw Threads; Carriage Bolt 
Threads, etc. 

Ho. 2. Screws, Bolts and Huts. — Fil- 
Uster-head, Square-head, Headless, Col- 
lar-head and Hexagon-head Screws; Stand- 
ard and Special Nuts; T-nuts, T-bolts and 
Washers; Thumb Screws and Nuts; A. Li. 
A. M. Standard Screws and Nuts; Machine 
Screw Heads; Wood Screws; Tap Drills; 
I^ock Nuts; Eye-bolts, etc. 

Ho. 3. Taps and Dies. — Hand, Machine, 
Tapper and Machine Screw Taps; Taper 
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Ho. 4. Reamers, Sockets, Drills and 
Milling' Cutters. — Hand Reamers; Shell 
Reamers and Arbors; Pipe Reamers; Taper 
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Morse and Jarno Taper Sockets and Ream- 
ers; Drills; Wire Gages; Milling Cutters; 
Setting Angles for Milling Teeth in End 
Mills and Angular Cutters, etc. 

Ho. 5. Spur Oearinflf. — Diametral and 
Circular Pitch; Dimensions of Spur Gears; 
Tables of Pitch Diameters; Odontograph 
Tables; Rolling Mill Gearing; Strength of 
Spur Gears; Horsepower Transmitted by 
Cast-iron and Rawhide Pinions; Design of 
Spur Gears; Weight of Cast-iron Gears; 
Eplcyclic Gearing. 

Ho. 6. Bevel, Spiral and Worm Oear- 
IniT. — Rules and Formulas for Bevel 
Gears; Strength of Bevel Gears; Design 
of Bevel Gears; Rules and Formulas for 
Spiral Gearing; Tables Facilitating Calau- 
lations; Diagram for Cutters for Spiral 
Gears; Rules and Formulas for Worm 
Gearing, etc. 
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Details. — Formulas and Tables for Spring 
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etc. 
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Feeds; Heat Treatment of High-speed 
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CHAPTER I 



GENERAL PRINOIPLES OP POWER TRANSMISSION 

The term "power transmission" is self-explanatory, referring as it 
does to the transmission of power, i. e., the development of power at 
one point and its delivery at some other point more or less distant. 
There are, however, a number of other expressions which are used in 
connection with the subject of power transmission and which are 
not as easily defined, and it is therefore deemed advisable to define 
such words as force, energy, work, power, efficiency, etc., before dealing 
specifically with the subject of power transmission by means of elec« 
tricity. 

According to Newton's definition, a force is any cause which tends to 
move a body from a condition of rest to motion, or from a condition of 
motion to rest. According to a more modern definition, force is any 
cause that produces, stops, changes, or tends to produce, stop or change 
the motion of a body. There are two classes of forces: those which act 
upon a body from without, and those which act upon a body from 
within. The first class may be termed external forces, and the second 
class molecular forces. 

When motion is produced by a force against a resistance, work is 
done. In the popular conception of the meaning of the word "work," 
a visible result is usually presupposed. In a mechanical sense, how- 
ever, work is supposed to have been performed whenever certain 
forces have been active against a resistance. The work, for example, 
may consist of lifting a body against the resistance of gravity, or of 
moving a body along a horizontal plane against the resistance of fric- 
tion; but work is also done if simply the friction within a mechanism 
is overcome, without any other useful result having been accomplished. 
Work is commonly measured in foot-pounds. A foot-pound is the 
amount of work done in lifting one pound a distance of one foot against 
the force of gravity. According to the metric system, in which the 
kilogram, a weight equal to 2.2 pounds, and the meter, a distance of 
3.28 feet, are the units of weight and length, respectively, a kilogram- 
meter is the unit of work. 

Energy is defined as the power or capacity of doing work, and may 
be classified as kinetic and potential. Kinetic energy is due to motion, 
while potential energy is due to the position or inherent condition of 
a body. A moving body which overcomes resistance displays kinetic 
energy. The amount of energy it displays depends upon its speed of 
motion, or velocity, and the resistance to its motion. The potential 
energy of a body resides in it irrespective of motion, and may be de- 
fined as its capacity or possibility for doing work. For example, a 
body of water at a high elevation enclosed by a dam is not performing 
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work, but it is possessed of potential energy, because it has the possi- 
bility or capacity for doing worlt if released and permitted to fall, under 
the action of gravity, and to operate some hydraulic machinery during 
the motion thus resulting. Potential energy is also present in a body 
thrown in the air at the instant before it commences to fall again. 
In this latter case the potential energy is rapidly transformed into 
kinetic energy when the body commences to move downward. It may 
also be said that potential energy is present in gun-powder and dyna- 
mite, because these substances possess a capacity for doing work, 
although that work is not being performed until, due to certain cir- 
cumstances, such chemical action t;akes place which permits the poten- 
tial energy to change into kinetic energy. 

A machine, strictly speaking, should be defined as a device by means 
of which a force Is able to produce an effect or do work. In a majority 
of cases it is supposed that the machine is doing useful work, that 
is, work which can be utilized for producing desired effects, although 
this is not always the case. The whole output of the work of a 
machine, for example, may be sometimes absorbed by friction, and thus 
apparently lost, as far as its usefulness for accomplishing a desired 
effect is concerned. The force applied to a machine is commonly called 
the power. 

A distinction is sometimes made between a machine and a motor. A 
motor is in some Instances regarded as the source of power in a 
purely mechanical sense; in other words, a motor is a machine which 
transforms some form of energy into mechanical motion. A broad ap- 
plication of the word energy is here made use of, according to which 
electricity is a form of energy, and the expanding quality of steam 
or the explosive possibilities of gas are other forms of it. The machines 
by means of which the energy of electricity, steam or gas can be trans- 
formed so that their respective powers can be utilized for doing useful 
work are very different from each other; but while the machines and 
the methods of transformation differ, the mechanical results are alike. 

As already stated, a force applied to a machine is commonly called 
the power. The expression "power" is also used for expressing the 
amount of work that is being done in a certain period of time. A 
horsepower, for instance, expresses the rate of work done per minute or 
per second. It is equal to 33,000 foot-pounds per minute. This means 
that in order to lift, for example, 1,000 pounds 33 feet in one minute, 
work to the amount of 33,000 foot-pounds, or one horsepower, must be 
done in one minute. The element of time must be considered, other- 
wise the rate at which the work is being done cannot be estimated. 
The time need not necessarily be a minute. It may be a second, in 
which case only 1/60 of the power would be required; 33,000 foot- 
pounds a minute, hence, equals 550 foot-pounds per second. The power, 
however, is still equal to one horsepower. 

The power of steam engines, sas engines or electric motors is 
rated according to this basis. They are built to produce power at a 
certain rate per second, or per minute. Commonly the electric motor 
is rated by the second, while the steam engine is rated by the minute. 
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but If a properly constructed one horsepower electric motor and a one 
horsepower steam engine are compared with each other, at normal 
nominal load, it will be found that each produces 33,000 foot-pounds 
per minute or 550 foot-pounds per second. The voltage and current re- 
quired for the electrical machine, and the quantity of steam and its 
pressure required for the steam engine, must vary to produce the 
different amounts of power, but in both cases, one kind of energy is 
transformed into another. In the first case the electricity is trans- 
formed into magnetism through which a pulling action is developed 
between the field magnets and the armature of the motor, causing 
rotation, as indicated in Fig. 1. In the second case steam is expanded 
in the cylinder of the engine, as indicated in Fig. 2, and while thus ex- 
panding, forces the piston forward, and transmits power through the 
piston-rod and connecting-rod to the crank-shaft. In both cases the 
power produced can be taken off by belting or other means, so that in 
both cases the results are the same, although the means employed for 
producing the results are different. 

The efficiency of a device or machine may be expressed as the ratio 
between the power taken out of the machine and the power sent into 
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Fiff. 1. Principle of Action of an 
Electric Motor 



Flff. 2. Principle of Action of • 
Steam Bnglne 



the machine. For instance, if an electric motor develops 8 horsepower, 
that is, if 8 horsepower can be taken off from the belt pulley of the 
motor and used for driving other machinery, and an amount of elec- 
trical energy equal to 10 horsepower has been sent into the motor in 
the form of electric current, to produce the motion of the motor, then 
the efficiency would be the ratio of 8 to 10, which equals 0.8 or 80 per 
cent. In power transmission of whatever kind, whether electrical or 
purely mechanical, the efficiency is one of the most important features 
to be considered. The choice of method for power transmission is 
usually guided entirely by the efficiency expected, and the cost of the 
various apparatus required. 

Methods of Transmittinsr Power 
Although it may be stated as a demonstrated fact that electrical 
transmission of energy is by far the most efficient method in existence 
when all factors are taken into consideration, other methods have been 
tried extensively, and are used to a considerable extent under favorable 
conditions. Power may be transmitted for certain distances by means 
of steam, compressed air, water, and wire rope. In large cities, notably 
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in New York, steam pipes extend over considerable distances under the 
streets of the city. While the steam is used mainly for heating and 
its utilization for power is very limited in comparison, it may be con- 
ceived of that steam for power purposes might be transmitted over 
small areas In this manner. In Paris a system of pipes carrying com- 
pressed air met with general success for some time; In the same way 
water under pressure can be readily converted into power by means of 
small water wheels. But these systems cannot be employed for the 
transmission of power between points widely apart. They represent 
a case of the distribution of power over short areas. 

Wire rope transmission belongs to a class of its own, yet it exempli- 
fies the principle of transmitting power; from point to point A wire 
rope movins: over a distance of several miles cannot, however, be very 
efficient. The friction, inertia and repairs are very great. It has been 
estimated that the cable power transmission used for the street car 
systems some years ago in New York and Chicago barely reached the 
figure of 20 per cent efficiency; that is, out of over 1,000 horsepower 
developed, only 200 horsepower were effective in moving the street 
cars. Hence wire rope transmission is very inefficient, even over 
comparatively short distances. Over long distances, such as 10 miles 
or more, the wire rope, compressed air, water or steam methods of 
power transmission would practically prove commercial as well as 
engineering failures. Power transmission over long distances is ex- 
clusively carried out by means of electricity. 

Blectric Power Transmiaalon 

The transmission of a high-tension direct-current over lines of con- 
siderable length is attended with difficulties which present almost 
unsurmountable objections to its use. The alternating current, in 
stead, seems to be particularly adapted to long distance power trans- 
mission. The reasons why the direct-current cannot be employed are, 
in the first place, cost and difficulty of insulation, and second, the 
difficulty of transformation. On the other hand, when an alternating 
current is employed for long distance transmission, the insulation prob- 
lem is comparatively easy; there is no necessity for revolving parts in 
the transformers; and the transformation from a high to a low poten- 
tial or voltage, and vice versa, and from an alternating to a direct- 
current is readily, cheaply and efficiently accomplished. The cost of 
installation is also much less with alternating current generators than 
with direct-current generators. 

The alternating current employed for long distance power transmis- 
sion is as a rule not the ordinary single-phase current, but the two- 
or three-phase current. A two or three-phase current is employed be- 
cause it makes a properly constructed motor self-starting, which is a 
condition impossible to accomplish with a single-phase current. The 
self-starting feature is also of importance when at the end of the trans- 
mission line it is desired to change or transform the alternating cur- 
rent into direct-current by means of a rotary converter. Tnese various 
subjects will be treated more in detail in subsequent chapters. 
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Effldenoy of TrauBmlBslon 

Whether direct or alternating current is employed, the efficiency of 
the system, that is, the percentage of power returned out of the total 
power sent into the line, is of the greatest importance. There are a 
number of considerations which must be taken into account, when the 
problem of transmitting a given power over a given distance is to be 
solved. The most important features of the problem are the drop of 
voltage in the line, the power lost during transmission in the line, 
the cost of the copper wire employed, and the relation between the cost 
of the copper and the power lost during transmission. 

In order to examine a specific case, let us assume that 100 horse- 
power are to be transmitted a distance of one mile with a 10 t>er cent 
drop in voltage. If the engine delivers 100 brake horsepower and the 
dynamo transforms, eay, 95 per cent of this power into electrical energy, 
then 96 horsepower will enter the transmission line. Assume that of this 
90 per cent will be delivered at the other end of the* line. The power 
delivered then at the distant end of the line will be 95 — 9.5 horse- 
power, leaving a balance of 85.5 horsepower. The process, however, is 
not yet completed, although the power is now at hand, ready for use. 
It is now necessary to transform it again into mechanical energy by 
means of an electric motor. This transformation involves a loss of 
from 5 to 10 per cent on an average. Hence the balance left will be 
85.5 — 8.55 = 76.95 horsepower with 10 per cent loss in the motor, 
and 85.5 — 4.275 = 81.225 horsepower at o per cent loss in the motor. 
The efficiency of transmission with a 100 horsepower at the one end, 
and with the losses throughout in the dynamo, transmission line, and 
motor taken into account, will thus be about 77 per cent with a 10 per 
cent loss in the motor. The 100 brake horsepower delivered by the 
engine is thus reduced to 77 horsepower on account of the electric 
transmission. This loss is not prohibitive if the cost of the trans- 
mission line is within reasonable limits. In some cases, however, the 
cost of the transmission line becomes very high, sometimes prohibitive, 
and in such instances certain means must be employed to raise the 
efficiency or to reduce the cost of installation. It is evident that a 
high efficiency is profitable or not, according to whether the increased 
cost of installation, due to the increased efficiency, is proportionately 
less or greater than the gain in efficiency. 

Bffect of Hisrh Voltagre on the Bfflciency 
When power is lost in the transmission line it is wasted in the form 
of heat. This loss is commonly called the C*R loss, and is due to the 
dissipation of the electrical energy through the resistance. The reason 
why this loss is termed the C^R loss is because it equals the square of 
the current, in amperes, multiplied by the resistance, in ohms. The 
product obtained is the heat loss in watts. This loss is of a serioun 
character and increases rapidly with any increase of current in the 
circuit. The relationship between the power loss in the transmission 
line to the strength of current, in amperes, in the line, is shown in 
Table I. The figures in tbis table illustrate the Infiuence of a diminish- 
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Ing current and an increasing resistance upon the losses in the line. 
The current is shown to diminish systematically, while the voltage 
increases in the same proportion, so that the total amount of power 
transmitted is kept constant. The loss of power in heat during the 
transmission, however, is shown to diminish with a decreasing strength 
of current, even when the resistance increases. It is thus evident that 
the losses in transmission are due to the use of a heavy current. One 
of the axioms, therefore, of electric power transmission Is that the 
current should be kept at a minimum value by the employment of 
high voltages in the transmission line. As will be seen in Table I, in 
the first line of figures given, the total drop with 10 ohms resistance 
and a current of 10 amperes is 100 volts. A loss of 100 volts out of 
1,000 is a drop of 10 per cent and. at the same time a resistance of 
10 ohms causes a waste of 1,000 watts of the total power of 10,000 
watts sent through the line. This is a loss of 10 per cent of the total 
power to be transmitted. 

Now suppose a power line one mile in length is to be erected whose 
total resistance is one ohm. If 10 kilowatts (10,000 watts) are to be 

TABIiB I. LOSS IN HBAT IK POWBR TRANSVISSION 



Amperes* 


Volts 


Resistance 
in Ohms 


Total Drop 
in Volts 


Loss in Heat 
in Watts 


10 


1,000 


10 


100 


1.000 


9 


1,111 


11 


99 


891 


8 


1,260 


12 


96 


768 


7 


1.428 


18 


91 


687 


6 


1,667 


14 


84 


604 


5 


2,000 


16 


7o 


875 


4 


2,600 


16 


64 


266 


3 


8,883 


17 


61 


158 


2 


5.000 


18 


36 


72 


1 


10,000 


19 


19 


19 



transmitted at a voltage which is chosen so as to obtain the most 
economical results, then the following considerations must be observed: 
the effect of an increasing pressure — the total amount of power remain- 
ing the same and the resistance of the line not varying — will be that 
of greatly improving the operation of the system. This may well 
manifest itself in a reduced loss in the transmission, represented both 
by a smaller drop in voltage and by less loss of power in heat. In 
the case used as an example, if a power of 10,000 watts were to be 
transmitted at a pressure of 100 volts, a current of 100 amperes would 
be required. If the resistance in the line is one ohm, it will be seen 
that the total energy to be transmitted would be wasted in heat, the 
waste in heat being equal to the square of the current, in amperes, 
multiplied by the resistance, or 100' X 1 = 10,000 watts dissipated in 
heat. This condition would be a case in which the efficiency of the 
transmission would be 0. A pressure of 100 volts hence would be en- 
tirely impossible for transmitting the power mentioned with the given 
resistance. 
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Let, however, the pressure be raised to ten times this value, or to 
1,000 volts, the resistance remaining at one ohm. Under these circum- 
stances 10,000 watts would be transmitted with a current of IQ amperes. 
With one ohm resistance in the line, the drop in voltage would be 
10 X 1 = 10 volts, and the loss in heat would be 10^ X 1 = 100 watts, 
that is, the loss in heat and in voltage would be but one per cent. The 
increase of the voltage to ten times its original value thus had the eftect 
cf reducing the heat loss from a total equivalent of 10,000 watts, 
representing the waste of all the power, to 100 watts or one per cent of 
the power. In other words raising the pressure to 10 times its value 
reduced the loss to 0.01 of its value. From this we may formulate the 
fundamental law that if the resistance .of a transmission line remains 
constant, and the total amount of power to be transmitted also is con- 
stant, then if the voltage is increased, the loss due to the transmission 
is reduced inversely as the square of the voltage. According to this, 
doubling or tripling the voltage, the total power and line resistance 
remaining constant, produces a reduction of the heat loss of 1/4 or 1/9, 
respectively, of Its value with the original voltage. 

Generating the Power 

The fact that a high voltage is necessary in developing power for 
transmission, that it must be transformed up or down, as the case may 
be, and that a commutator is absolutely out of the question for volt- 
ages beyond a certain point, leads inevitably to the conclusion that the 
only solution to the power transmission problem is to be found in the 
•application of an alternating current. Here again a difficulty arises of 
a most important character. The simple alternating current, although 
readily generated and transformed, is hardly suited to the purposes 
ultimately held in view, namely, the transformation of electrical into 
mechanical energy. Recourse is, therefore, as is already mentioned, 
had to the two-and three-phase alternating current for such purposes. 
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POWER TRANSMISSION PLANT AND APPARATUS 

Modern power transmission plants, consist, in general, of an equip- 
ment of two or three-phase alternators and step-up tranbformers, with 
either water power or steam as the original source of energy. The 
receiving or distributing end of the system consists of step-down 
transformers and a rotary converter. If the current is to be distributed 
simply as an alternating current for power purposes, no rotary con- 
verter is necessary. In Fig. 3 a diagrammatical view of a power 
transmission installation is shown. In the power station the engine, 
generator, switch-board and step-up transformer are shown. From the 
power station the current is carried by the line to the transforming 
sub-station, provided with switch-board, step-down transformer and 
rotary converter. We will now describe each of these apparatus in 
detail. 

Oenerators 

The generators used in producing alternating current are commonly 
termed alternators. They can be made of three types. In the first type 
the armature revolves and the field magnets are stationary. In the 
second type the field magnets revolve and the armature remains sta- 
tionary. In the third type, usually called inductor alternators, both 
field magnets and armature are stationary and iron cores revolve be- 
tween the armature core and the field magnet poles. 

Every alternator is designed to work at a particular frequency. By 
frequency Is meant the number of alternations or changes in the -direc- 
tion of a current in a circuit per second. For example, if a current In 
an alternating machine changes its direction 200 times per second, it 
is said to possess 200 alternations per second, or the frequency of the 
alternator Is 200. The higher the frequency is the greater is the drop 
in voltage, due to inductance, but the smaller are the transformers 
necessary for changing the voltage from a higher to a lower one, or 
vice versa. The frequency in alternators may be as low as 20 or as 
high as 200 or more, according to the purpose for which the current is 
to be used. Arc lighting, for example, requires a frequency which is 
not less than 40. The numerical value of the frequency is obtained by 
multiplying the number of revolutions of the alternator per second by 
the number of pairs of poles. In practice a high frequency is obtained 
by using multi-polar machines, that is, machines having a great num- 
ber of poles. 

The unfavorable effect of a high frequency upon the capacity of a line 
to conduct a given amount of energy has led to the adoption of as low 
a frequency as is consistent with a continuity of fiow. The reason why 
a high frequency influences the capacity of the line adversely is that 
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a shunt -windiDg such as is used on direct-current compound-wound ma- 
chines* however, a small constant potential direct-current dynamo is used 
to supply the required current for the field magnets. This small dynamo 
is sometimes coupled directly to the end of the armature shaft of the 
alternator, but is more commonly belted to a pulley on that shaft. The 
series coils of the field magnets of the alternator are excited by a cur- 
rent obtained from the alternator armature, In manner similar to that 
used in direct-current dynamos, and which has been explained in Part 
III of this treatise. Machinery's Reference Series No. 75. The alter- 
nating current cannot, however, be used directly for this purpose, and, 
therefore, a commutator is employed which changes the alternating 
current into a direct-current for use in the field magnet windings. 
This current, while direct, is a pulsating current, that is, the potential 




Flff. 4. Fram* for a 120 K. W. BlnffU-phase Alternator 

rises from a minimum to a maximum value, and then falls again to a 
minimum; the action is somewhat similar to that of a pump without a 
pressure chamber. 

The current for the series colls, rectified as described, is now led 
from the commutator brushes to the field colls, and this arrangement 
permits of a regulation of the potential of the generator. The regula- 
tion of the alternator is thus accomplished as easily as in a direct-cur- 
rent machine. The main energy of the fields, however, is that received 
from the exciter or small direct-current dynamo already mentioned; 
only the regulating portion of It is received from the armature itself. 
This fiexible combination of the two methods has made single-phase 
alternators thus equipped very successful. 

The shifting of the brushes on the commutator will be sulficient to 
meet and correct voltage variations. The brushes may be set when 
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the voltage decreases, or when it rises, or to meet a certain condition 
cf overload otherwise impossible to adequately control. The voltages 
developed b}' standard machines run from 1,100 to 2,200 volts, and the 
alternations are about 16.000 per minute. The fields are made of thin 
sheet steel, very soft and of high permeability. These sheet steel 




Fiff. 5. Armutur* tor 120 K. W. BlBflla-pbaoe Altomator 

plates are held in a mold when the frame is being cast. The poles 
and the frame are thus incorporated with each other as shown in 
Fig. 4. Joints are avoided by this means and a higher efficiency and 

TABLB II. DATA FOR 16,000 ALTBRNATION 
SINOLB-PHA8B ALTBRNATOR8 



Capadtsrin 
Kilowatts 


No. of Poles 


Beit Speed 

in Feet 
per Minute 


Weiirht in 
Pounds 


Revolations 
per Minute 


45 

60 

90 

120 


10 
12 
14 
16 


4.607 
4.542 
4.488 
4.450 


8,280 
4,180 
6,480 
7.970 


1.600 
1.885 
1,145 
1,000 



better regulation results. The armatures of this class of alternators 
are slotted and receive a coll very readily, the teeth being cut with 
parallel sides. The windings are easily held in place by fiber wedges 



AHMATURt WIWWMO TO COLLECTOR RthOS , 
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\ TO COmuVTATOW FOW COMPCWSATIwG C0IL9 

^MATUBEWmOINO TO COLLECTOR RIN< 




ilaehin€ry,y. Y. 
Plff. 6. Prlnolple of Armature WlndtOir 

which are removable when examination or repairs to armature coils 
are necessary. 

The field and armature shown* in Figs. 4 and 5, are for a 120 K.W. 
single-phase alternator. The principle of the winding for compensa- 
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tion Is shown in Fig. 6. Some data relating to the capacity, speed, 
number of poles, etc., are given in Table II. 

Bnsrine Type Alternators 
For large plants where heavy currents are transmitted or distributed 
at a comparatively high voltage, the flywheel of the engine and the 

armature of the single-phase 
alternator are built in one. 
The vis viva of the armature 
is sufficient to perform the 
function of the flywjheel 
proper, without detracting 
in any way from the effici- 
ency or capacity of the 
plant. The armatures in 
this case are built up of a 
spider upon the rim of 
which the laminated iron 
of the armature is secured, 
as indicated in Fig. 7. A 
huge flywheel thus results, 
which serves as an alterna- 
tor armature. This idea 
originated in Europe, par- 
ticularly in Germany and 
Austria, and is satisfactory 
as a saver of space and ex- 
pense. The coils are formed 
before Insertion into the 
slots. By this means no dlf- 
flcult work is required to 
make substitutions for in- 
jured coile, and only ordinary care is necessary in assembling the 
armature. The principle is carried out also in a reverse manner, the 
poles revolving and the armature remaining stationary. 

TABLE III. DATA FOB BNOINB TYPB 
ALTERNATORS 




Flff. 7. An Engine-type Generator 



Capacity in 
Kilowatts 


Altematlons 

7,200 
7,200 
7,200 
7,200 


Revolutions 
per Minute 


800 
400 
600 
750 


130 

160 

144 

90 



The gigantic size of large electrical machinery can be best understood 
by examining Fig. 7, showing the comparative size of an armature 
and fleld and a man. The machine in this case represents a 1,500 K.W. 
generator with an armature of the character described. The armature 
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has not been assembled and the laminations of the armature have not 
been attached. 

Two- and Three-phaee Alternators 

The type of alternator so far described is the single-phase alternator. 
As already mentioned, two and three-phase alternating current lends 
itself, in general, better to the purpose of power transmission. The 
meaning of the phases of alternating current has been referred to in 
Part III of this treatise, Machixeby's Reference Series No. 75. Briefly, 
two alternating currents which arrive at different points of their 
cycles, as their maximum or minimum values, or their point of re- 
versal, at the same moment, are said to be in phase. If, however, one 
current reaches its maximum value a certain time previous to another 
current, then the two currents differ in phase. Alternators which are 
employed for furnishing current which thus has either two or three 
phases are called two or three-phase alternators, respectively. The 
separate phases of the current are produced by separate windings of 
the armature, so arranged as to produce the desired phases. In two- 
phase machines the difference in 
phase is one-quarter of a complete 
cycle. Each armature winding is us- 
ually provided with a separate pair 
of collector rings, making four rings 
•in all. Four wires are also required 
;for carrying the current. Sometimes 
only three coUector rings are used, 
in which case only three wires are 
used in the line. In this case one 
Maahinerv,N.Y.* ring is used for each of the armature 
vig.B. Graphical Method of RepresMt- windings, whllc the third ie common 

hUrmectromottvo Force ^^ ^^^^ ^^^ j^^^ ^j^^ COnUCCted tO 

this common collector ring carries at any moment a current equal 
to the sum of the currents in the other two wires at that moment. 

In the three-phase alternator three distinct windings are used, the 
difference in phase being one-third of a complete cycle or alternation 
of the current. In this case the current flowing in one direction is at 
any instant equal to the current flowing in the opposite direction, so 
that only three wires are required for the three separate currents. At 
any moment one of the wires will act as the return conductor for the 
other two. Only three collector rings are required as well. 

When dealing with alternating currents, the graphical method of 
representing the electromotive force or current, as shown in Fig. 8, is 
very convenient, as it illustrates to the eye the rise and fall of the 
electromotive force and the pulsations of the current. As a rule, only 
one period or cycle is drawn on the diagram, all the cycles being alike. 
The length of one cycle, as from A to B is assumed to equal 360 degrees, 
irrespective of the length of time required for the complete cycle. This 
method makes it possible to designate different points on the curve 
as being a certain number of degrees apart. For example. In Fig. 8, 
*.f the line AB is assumed to be 360 degrees, then the distance from 
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A to C being 1/6 of the total length, AC would be 60 degrees. This 
method of designating various curve points makes it possible to speak 
of the angle between two curves draw^n in the same diagram; for 
example, the angle between the curve designated as D and the curve 
designated as E, would be 30 degrees. 

Power Factor 

If an alternating electromotive force is applied to a circuit the re- 
sulting alternating current may or may not have its changes in direc- 
tion occuring at the same time as the alternating electromotive force. 
If the changes of the current take place exactly at the same time as the 
changes in electromotive force, then the two are said to be in the same 
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Flff. 10. Current Laffs behind 

nectromotive Force , 

phase. If, however, the changes of current occur later than the changes 
in the electfomotive force, then the current is said to lag behind the 
electromotive force. Should the current change earlier than the elec- 
tromotive force, then the current would be said to lead the electro- 
motive force. This is shown graphically in Figs. 9 and 10. 

In direct-current transmission the power in watts is determined as 
the product of the number of volts by the number of amperes in the 
circuit. In alternating current power transmission this is true only if 
the current and the electromotive force are in phase, because other- 
wise the values shown by the voltmeter and ammeter will not be the 
true values v/hlch, If multiplied together, will give the true power. 
"While the power in the circuit at any instant is the product of the 
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actual simultaneous values of current and electromotive force, the 
product of the volts and amperes indicated by the measuring instru- 
ments would not give this true value; the product of the readings of 
these instruments must be multiplied by a power factor in order that 
the true power may be obtained. This power factor is the ratio of the 
volt-amperes to the watts, and equals the cosine of the angle of lag or 
lead of the current. In Fig. 9, for example, this angle is 30 degrees. 
The power factor depends upon the nature of the circuit and the 
nature of the machines or resistances in it. A large amount of current 
may be supplied to a circuit having a low power factor, and yet the 
actual power given to the circuit may be comparatively low. In a 
case of this kind the readings of the ammeter are too deceptive to be 
recorded as an indication of the output of the machine supplying the 
circuit. 

The angle of difference in phase between the current and the elec- 
tromotive force is called by general usage, and the formula for the 
power in watts is: 

W= Ex Ccos<l> 
in which 

W = power in watts, 

E = electromotive force in volts, 

C = current in amperes. 

It is evident that the greater the angle <f>, the smaller is the cosine 
of the angle, (that is, the power factor) and the less is the total power 
obtained from a given current and voltage. Hence a decided difference 
in phase between current and electromotive force is detrimental to the 
power output. This difference in phase is due to the inductance and 
consequent impedance in the line. (See Part I of this treatise, 
Machinery's Reference Series No. 73). 

To show a simple case of the influence of lag on the part of the 
current, take an instance of 100 volts and 10 amperes operating in the 
circuit. If there is no difference of phase, the two power components 
operate simultaneously and the total energy = 10 X 100 X cos 0° = 
1,000 watts. If inductance causes a lag of 10 degrees then the total 
watts r= 10 X 100 X cos 10° = 985. If the inductance causes a further 
increase in lag, until it reaches a value equal to 30 degrees, the true 
watts are 10 X 100 X cos 30° = 866 watts. 

The power factors in tLese cases are respectively the ratios between 
the true watts and apparent watts or 1,000 ^ 1,000, 985 -^ 1,000, and 
866 -7- 1,000. The figures are therefore 1.00, 0.985 and 0.866. The 
power apparent with ammeter and voltmeter would be 1,000 watts. 

The Wattmeter 

As already mentioned, power measurements cannot be made by an 
ammeter and voltmeter for the obvious reason that these instruments 
take no cognizance of the difference of phase of current and electro- 
motive force. The wattmeter, howc\er, is contrived to meet this re- 
quirement and gives readings of the true power in watts. A diagram 
showing how this device is constructed Is shown in Fig. 11. There are, 



Digitized by LjOOQIC 



18 



No. rS— PRINCIPLES Of ELECTRICITY 



in the wattmeter, a movable coll and a fixed coil. The movable coll is 
placed as a shunt across the terminals when the meter is used. It 
has in series with it a non-inductive resistance. The fixed coil is 
placed in series with the circuit. .Under these conditions the instru- 
ment has two currents operating in such a manner that the force re- 
quired to hold the movable circuit with its axis at right angles to that 
of the fixed coll will be proportional to the product of the mean value 
of the currents, respectively. This force is Indicated by hands on dials 
on the face of the Instrument. The wattmeter gives the net result 




Fiff. 12. Mod«rate««p«ed Revol^lnff-fleld Alternator 

of the power In the circuit. The conditions required for obtaining 
successful results, as given by Prof. J. A. Fleming for the operation of 
a wattmeter, are covered by the following statement: "The current 
through the series coil of the instrument must have the same value 
as the current through the circuit to be measured, and the current 
through the shunt coll of the wattmeter must be exactly in step with 
the difference of potential between the ends of that shunt circuit; In 
other words, the shunt circuit must be strictly non-inductive. This 
can only be secured by winding the movable coll of the wattmeter with 
no very large number of turns." 
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Methods of Driving Alternators 

Alternators may be driven from a steam engine or -other source of 
power by being belted to the latter, or they may be direct-connected to 
the original source of power. This latter method is, perhaps, the most 
commonly used in modern plants. In Fig. 12 Is shown a small moder- 
ate-speed revolving-fleld alternator arranged for being direct-connected 
to the driving engine. This alternator is provided with a direct-con- 
nected exciter for furnishing the current to the field. This particular 
type is made by the General Electric Co., and may be made for deliver- 
ing either single-, two-, or three-phase current*. 

In Fig. 13 is shown a generator direct-connected to a vertical single- 
cylinder engine. In Fig. 14 a generator is shown direct-connected to 




Fiff. 18. a«nei»tor Dirttot-ooniMOted to Bnglne 

a low pressure Curtis steam turbine. In Fig. 15 is shown a gasoline 
electric generating set of 25 kilowatts capacity of the type made by the 
Qeneral Electric Co. 

Transformers 
Transformers serve the function of changing the voltage of a current. 
If the change is from a low voltage to a high voltage, the transformer 
is termed "step-up" transformer, and if the change is from a high 
voltage to a low voltage the transformer is termed a "step-down" 
transformer. One of the features which makes the alternating current 
especially useful for power transmission is the fact that it readily 
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lends itself to transformation of voltage either up or down. When 
the electric current has been generated by the alterator and before it 
enters the power line, all of the energy is let Into the transformer to 




Plff. 14. aenerator Direct-connected to Ourtia Steam Turbine 

be "stepped-up" to a high voltage, at which it is transmitted through 
the line. At the end of the power transmission line it passes into 




Flff. 16. Oasollne-electrlc Oeneratlnff Bet 

another set of transformers before being sent into the distributing 
lines, and is "stepped-down" to a safe voltage. 

The transformer consists in Its simplest form of two coils of wire 
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wound upon an iron core. One coil is called a primary and is supplied 
with an alternating current at a certain voltage. When this current 
passes through the primary it causes the iron core enclosed in it to be 
magnetized and thus generates a current in the other coil, which is 
called the secondary. The current in the secondary may have a voltage 
greater, eqiial to, or less thsn the voltage in the primary coil depend- 
ing upon the relative number of turns of the two coils. When the 
voltage is to be raised, the number of turns in the primary must be less 
than the number of turns of the secondary. The ratio between the 
number of turns in the two coils is practically the same as the ratio 
between the two voltages. A step-down transformer, of course, is con- 




ilaehlntrw»N.Y, 



FliT' 10* Oeneral Appearance of Larg® 
Slse Tranaformer 




Machlnerw^N, F. 



"Fig. 17. Case for Transformer 
•hown In Ftg. 10 



structed in a reverse manner; that is the number of turns in the 
primary must be greater than the number of turns of the secondary. 
When a transformer is used for either increasing or decreasing the 
voltage, one of the coils consists of a great number of turns of com- 
paratively small diameter wire, well insulated, through which passes 
a small current at a high voltage. The other coil, consisting of a 
few turns, is made of heavy wire, so as to permit the passing of a cur- 
rent of greater strength at low pressure. 

As an example of the action of a transformer assume thajt a current 
of 3,000 volts is to be reduced to 100 volts. The number of turns would 
then be in the ratio of 30 to 1. The ratio of the voltages is the same 
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as the ratio of the number of turns, because, apart from the inevitable 
losses in the transformer, the power put into it and that taken out will 
be practically equal. Assume that we want to take out of the second- 
ary 100 amperes at 100 volts. We then must put into the primary 
at least 5 amperes at 2000 volts, the product of the number of amperes 
and volts being the same, or 10,000 in each case. 

Hiffh Voltage Transformers 

The introduction of the polyphase motor of Tesla's design and the 
development of a high insulation, hlgh-prBSsure transformer went hand 
in hand with the sudden augmentation In the number of successful 
power transmission plants Installed. High pressure transformers came 
Into vogue to meet a necessary requirement In transmission plants. 
They run In sizes from about 10 to over 500 K.W. capacity. The obtain- 
ing of high Insulation Is accomplished by building up both primary 
and secondary In the form of a series of flat colls of few turns per 
layer, but many layers, and plunging all into oil. According to the 
data supplied by the manufacturers of these transformers, the advan- 
tages of this construction are as follows: 

1. — It divides the total electromotive force between several colls, 
reducing proportionately the strain within an Individual coll. 

2. — It divides the electromotive force In a single coll between many 
layers, thus reducing the potential between adjacent layers. 

3. — It enables the colls to be spread apart at the ends so that a very 
large surface Is exposed to the oil, thus providing ample radiating 
facilities and most thoroughly insulating the bent part of the colls. 

4. — The regulation of the transformer Is greatly Improved. 

5. — The windings may be connected In series or In multiple, giving 
a wide range in electromotive force. 

6. — In case of damage tc a coil, another one may be substituted with- 
out trouble, and without returning the transformer to the shop. 

The use of oil Is admitted to be the solution of the Insulation problem 
when discretion Is employed In the design of the colls themselves. It 
Insulates, and also conducts away excess heat very rapidly. The 
difficulty of handling 30,000 volt transformers Is self-evident In case of 
temporary Injury or overload. The construction therefore must be of 
the best character to preserve its integrity under the strain of heavy 
service. The development of heat arising from the copper wire can be 
limited by designing the coll to have a small CTR loss. The heat due 
to hysteresis and eddy currents In the core, that Is, useless currents 
produced In the core by the currents flowing around it, can only be 
controlled by flne lamination and the use of a very high grade of soft 
iron. The Iron has been shown to deteriorate through use and be- 
come in a sense inefficient. It takes more energy to magnetize it under 
these conditions than Iron which a test has demonstrated to be free 
from this phenomenon. To prepare Iron for use In transformers a 
special treatment is necessary. Neglect of this will lead to a heavy 
waste of energy In the transformer a short time after being put into 
service. Curves showing the relationship between efficiency and load 
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will indicate the rapid rise in efficiency with a relatively light load. 
They also serve to show the tendency to rise or fall In efficiency with 
an increasing load up to the full 100 per cent capacity/ 

A transformer of large size, though efficient, will waste a great deal 
of energy, which appearing as heat, must be disposed of A 100 K.W. 
transformer, for instance, wastes 5 per cent or 5 K.W. This amount 
of heat will act destructively upon the transformer in the course of 




Flff. 18. Transfbnner Ibr Hl^h Voltaire 

time and seriously affect its life. Radiating ribs are therefore supplied 
to the containing vessel or case, facilitating the radiation of the heat. 
Corrugations are also employed to increase the surface for the same 
purpose. High pressure, self-cooling transformers for heavy service 
are now employed extensively on two and three-phase lines as well as 
for single-phase. In Fig. 16 is shown the general appearance of a 
transformer of large size, and in Fig. 17 the case for this transformer. 
Fig. 18 shows a General Electric transformer for high voltage. 
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Two additional cases arise in power transmission plants: First, wherci 
two-phase currents are to be transformed into three-phase, and three- 
phase into two-phase, and second, where the employment of trans- 
formers in connection with rotary converters is necessary for the special 
purpose of meeting voltage changes without difficulty. In this latter 
case, the call for changes of voltage in the direct-current would neces- 
sarily mean proportionate changes in the alternating current. A trans- 
former with a means of changing the ratio of the primary and second- 
ary winding covers this situation successfully. By bringing connec- 
tions out from the various sections of the transformer to an index and 
dial, regulation in this respect is readily secured. 

Transformers for producing potentials of from 100,000 to 150,000 volts 
are used for obtaining the high pressure required for testing insulat- 
ing materials for high voltages. These transformers are built along 
lines similar to those outlined in the foregoing paragraphs. 

Rotary Converters 

The rotary converter is used principally for transforming an alternat- 
ing current used in the transmission of power over long distances into 
direct-current for use in the distributing lines The rotary converter 
is similar in construction to a direct-current dynamo. The construction 
is briefly as follows: On one end of the armature shaft a commutator 
is mounted and on the other end a number of collecting rings, that is, 
rings used for collecting the impulses of alternating current These 
rings are connected to points at an equal distance apart in the armature 
winding. Hence the armature of the rotary converter is provided with 
a commutator the same as a direct-current generator, and with collect- 
ing rings the same as an alternating current generator or alternator. 
Brushes are provided, bearing against the commutator on the one 
side and against the collecting rings on the other side. When alternat- 
ing current is received at the collecting rings it will cause the arma- 
ture to turn when brought up to speed. The converter becomes, in fact, 
what is called a synchronous motor, a. machine which will be described 
later. Direct-current can now be obtained at the commutator end. 

This is the most common use for the rotary converter, but It may 
be stated that the rotary converter is, perhaps, the most flexible and 
adaptable of all electrical machines. It may be used in at least nine 
distinct ways. Supplied with alternating current it will deliver direct 
current as Just described. Supplied with direct current it will deliver 
alternating current. Supplied with alternating current it will operate 
af? a simple synchronous motor. Supplied with direct current it will 
operate as a direct current motor. If driven by mechanical power it 
can be made to deliver either direct current or alternating current, 
and it is possible to have it deliver current of both kinds at the same 
time. The reverse of this Is also possible. If supplied with alternating 
current it may run as a motor delivering mechanical power, and at the 
same time deliver a direct current from its commutator, and if sup- 
plied with direct current it may run as a motor delivering mechanical 
power and at the same time deliver an alternating current. 
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Ordinarily, however, the standard type of rotary converter is not 
built to receive or transmit mechanical power, but is designed to be 
used strictly as a transformer or converter of electrical energy, that is, 
for transforming alternating current into direct current, or direct 
current into alternating current. In the case when the rotary con- 
verter is used for receiving alternating current and delivering direct 
current, it is usual practice to extend the shaft carrying the arma- 
ture of the rotary converter so that on the same shaft may be mounted 
a small induction motor for starting purposes. The induction motor 
will be referred to in detail later. When the rotary converter is em- 
ployed for transforming direct current into alternating current a small 
starting exciter may be required on the extension of the armature shaft. 

Three methods may be used for starting rotary converters trans- 
forming alternating current into direct current. They may be started 
under the same conditions as a synchronous motor. This motor, as 
has already been mentioned, develops a satisfactory torque only after 
having been brought up to normal speed. For this reason the method 
of starting the rotary converter by connecting It to the alternating 
current circuit is objectionable, although feasible, because it requires 
a large current from the mains which may affect the running of other 
apparatus connected to the same circuit. Hence self-starting rotaries 
are permissible only when the capacity of the converter is small com- 
pared with the total capacity of the generating plant. 

The second method for starting a rotary converter of the class men- 
tioned Is to connect it to a direct-current circuit, starting it as a direct- 
current motor, and then, when it has reached a speed corresponding to 
synchronism, to connect It to the alternating current circuit. This 
method is preferable to the first one, but the third method which is 
very satisfactory and the most usual one, Is to start the rotary con- 
verter by means of an induction motor which is mounted on the same 
shaft as the armature of the converter, as already mentioned. When 
the rotor of the converter has been brought up to synchronous speed by 
this method it may be connected to the alternating current circuit. 
This method possesses several advantages, the most important one of 
which is that the only demand for current from the circuit is that 
occasionally required for the small Induction motor. 

One of the advantages of the rotary converter is that when properly 
designed it will maintain a practically uniform voltage, and is not 
liable to produce such drops In voltage as usually occur when current 
is supplied direct from a generator and the load increases. This per- 
mits a practically constant voltage to be maintained in the circuits 
supplied by a generator independent of the variations in load on the 
circuit supplied from the converter. 

Alternating Current Botarles for Polsrpbsse Circuits 

The transmission of electrical energy over great distances has de» 

reloped with the increasing perfection and adaptability of the rotary 

converter. A power station, situated at a distant point, may by this 

means distribute its power with relatively great economy over an area 
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beyond Tision from its site. Certain standard voltages and frequencies 
are employed, as follows: Alternations 3,000, 3,600 and 7,200 per 
minute, corresponding to voltages of 125, 250 or 550 volts as required. 
The Standard Westinghouse two-pliase rotaries, according to their bul- 
letin, receive at their collector rings, about 0.7 of the voltage given out 
at the commutator as a direct current. With a three-phase rotary at 
the collector rings, the ratio is about 0.6 of that given out at the com- 
mutator end. Sparking is almost entirely absent from this class of 
machines and changes in speed are in strict proportion to the frequency 
of the current from the central station. The result of too swift varia- 
tions in frequency causes "hunting" or pulsatory movement due to more 




Fiff. 10. Rotary Converter 

rapid changes in frequency than can be responded to by the rotary. 
Fig. 19 shows an illustration of a rotary converter as made by the 
General Electric Company. 

Ssmchronlsm 

When two alternators run at exactly the same frequency and have 
the same voltage, they are said to be in synchronism with each other. 
When alternators are used, for example, for lighting circuits, it is 
necessary to run them in parallel with each other, and before this can 
be done without disturbing the ^voltage, they must be synchronized, 
that is, must be run so as to have exactly the same frequency, the same 
voltage and be "in step." In order to determine that the alternators 
run in synchrony with each other, a device called a synchronizer is 
used. Various types of these devices are employed. In Fig. 20 a dia- 
grammatical sketch of one type of synchronizer is shown. This syn 
chronizer consists of a transformer with two primaries and one second- 



Digitized by LjOOQIC 



POWER TRANSMISSION 



27 



ary. One primary is connected to the current supplied from the first 
alternator, and the other primary is connected to the alternator that 
is to be switched in, that is, the alternator which is to run in parallel 
with the first alternator for supplying the current to the same circuit 
The secondary of the synchronizer has a lamp placed in series as 
shown in the illustration. When the speed or frequency and the volt- 
age of the alternator to be thrown in are right then, if the two volt- 
ages are not in phase, the effect will be a blinking of the lamp on the 
synchronizer. By gradually adjusting the speed of the machine to be 
thrown into sjmchrony, it is brought very nearly into synchrony, that 




LAMP 



Fig. 21. Diagrammatical View ahowlng 
the Means fbr Obtalxiinar a Rotat- 
ing Magnetic Field 



Fig. 20. Diagrammatloal View of one 
Type of Bynohronlser 

is, several seconds may elapse between the periods of maximum and 
minimum brightness of the lamp. At the moment when the lamp has 
a maximum brightness, and the voltage is the same, the switch is 
closed and the lamp now glows steadily, showing synchronism. 

Motors for Altematlngr Current 
Motors for alternating currents may be of two kinds, either syn- 
chronous or induction motors. A direct-current generator will run as 
a motor when it is supplied with direct current, but an alternator will 
not run as a motor or drive another alternator as a motor unless the 
two machines in series are working in synchronism, or. as just ex- 
plained, are running in exact accord as regards the varying phase or 
alternations of the current. For example, if we have two single-phase 
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alternators of the same kind and type, and one is driven as a generator, 
the other can be driven as a motor, providing it is first run up to such 
a speed that its alternations are exactly the same as those of the al- 
ternator running as a generator. If at the time when the two machines 
run at the same speed, the one running as a motor is connected to the 
circuit of the one running as a generator, then it will continue to run 
without being thrown out of synchronism. Hence a synchronous motor 
may be defined as one which has its field magnets excited by a direct 
current, its armature fed by an alternating current, and which must be 
started by some exterior means, until it has the same speed as the gen- 
erator supplying current to it. Hence it is not a self-starting motor, with 
a single-phase current. With two- and three-phase currents it is possi- 
ble, however, to produce such effects that a motor will start and run up 
to speed, and run under load in perfect synchronism with the supply. 
Such a motor is called an induction motor. 

SyncbronouB Motors 

As has already been mentioned, any alternator may be used as a 
motor, provided it be brought into synchronism with the generator sup- 
plying the current to it. The method of bringing an alternating cur- 
rent motor into synchronism with the generator is similar to the opera- 
tion of bringing two generators into parallel. The field must be sui> 
plied with direct current and the field circuit left open until the machine 
is in phase with the generator. In case the number of poles of the motor 
is the same as the number of poles of the generator, then the two will, 
of course, run at the .same speed when in synchronism. But if the num- 
ber of poles of the motor is different, the speed of the motor will be 
equal to the speed of the generator multiplied by the ratio of the number 
of poles of the motor to that of the generator. 

While two- and three-phase synchronous motors may be made self- 
starting, it is considered better practice to bring the machines up to 
speed by independent means, before supplying the current. The ma- 
chines may be started by a small induction motor, the load on the syn- 
chronous motor being thrown off, or the field may be excited by a small 
direct-current generator belted to the motor. This generator is then 
used as a motor for starting the machine. Current to run it is fre- 
quently taken from a storage battery. The load has an important effect 
in the operation of synchronous motors. If such a mocor is properly 
regulated as to the load, its power factor will equal 1, but if the load 
varies, then the current in the motor will either lead or lag behind the 
electromotive force, and the power factor will vary accordingly. If the 
motor should be so overloaded that there is a decrease of speed, then 
it will Immediately fall out of step with the generator and stop. One 
method used for obtaining a power factor nearly approaching 1 is to use 
a synchronous motor on the same circuit with an induction motor. By 
Increasing the field of excitation, the synchronous motor in this case 
may be made to have a current which leads the electromotive force, 
while the induction motor will cause a lag. The two effects will thus 
tend to neutralize or balance each other, with the effect that the power 
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factor will approach 1. Synchronous motors are not satisfactory when 
the required speed is variable, or the load changeable. They are used 
to best advantage for large units of power at high voltages when the 
load and the speed are constant. The disadvantages of the synchronous 
motor are its inability to start under load and the necessity of direct- 
current excitation. 

Induction Motors 

An electromagnet which is supplied with alternating current produces 
an alternating field which varies in Intensity from a maximum in one 
direction to a maximum in. the opposite direction. If tv/o electromag- 
nets are so placed that they act at right angles upon the same air space 
and if they are both supplied with alternating current of the same phase 
and periodicity, the two magnets will produce an alternating field which 
is the resultant of the two fields due to each magnet separately. Now 
if the phase of the current in the two electromagnets is different, the 
other conditions being the same for each, then a so-called rotating field 
will result which will vary its direction continuously and which may 
be made to retain a uniform strength. This rotating field is the prin- 
ciple upon which the use of the induction motor, which will be described 
in the following, is based. 

The production of a rotating magnetic field may be explained by re- 
ferring to Fig. 21. In this illustration A, B, C and D are the poles of an 
induction motor, .4. and B being one pair wound from one pair of wires 
of a two-phase alternating circuit, while C and D are wound with the 
other pair of wires, the two phases being 90 degrees apart. At a given 
Instance A and B will receive the maximum current, making A a north 
pole and B a south pole. At this moment C and D are demagnetized 
and the magnetic field Is directed In the direction from B to A. As the 
cycle of the current progresses, the magnetic fiux at A decreases, while 
that at C Increases, so that the magnetic field Is moving or rotating In 
a clock-wise direction towards C. It will be seen that a complete rota- 
tion of the field Is performed during each complete cycle of the current, 
and if an armature is placed within the poles It will be caused to rotate 
simply by the shifting of the magnetic field, without the need of using 
any collector ring on the armature, or supplying it with current from an 
outside source. It should be noted that the expression rotating magnetic 
field refers to the magnetic condition within the poles, and that this ex- 
pression must be distinguished from the expression revolving field, 
which refers to the mechanical operation of the part of the machine con- 
taining the field magnets. 

In an induction motor that portion of the machine to which current 
i^ supplied from an outside circuit is termed the field or the primary. 
That portion of the machine in which currents are Induced by the rotat- 
ing magnetic field is termed the armature or secondary. Either the pri- 
mary or the secondary may be the revolving part. In the more modern 
machines the armature or secondary revolves. 

A common type of armature is that known as the "squirrel-cage" type, 
which consists of a number of copper bars placed on an armature core 
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and insulated from it. On each end the bars are connected by means 
of a copper ring. In all Induction motors the field windings are so ar- 
ranged that a number of pairs of poles are produced. This is a neces- 
sary requirement in order to bring the speed of the rotating field and 
the rotor down to a practical limit. If, for example, only one pair of 
poles were employed, then with a frequency of 60, the revolutions per 
minute of the rotating magnetic field would be 3600. 

It should be noted that the rotor or revolving part of an induction mo- 
tor does not revolve as fast as the rotating magnetic field, except in 
cases where there is no load on the motor. When loaded, there is aaslip 
between the rotating field and the rotor, thisjslip being necessary in order 




Fiff. 22. Induotion Motor 

that the lines of force of the magnets may cut the conductors in the 
rotor, and thus induce currents without which motion would not take 
place. Another fact to be noted in connection with the induction motor 
is that the current required for starting the motor under full load is 
from 7 to 8 times as great as the current for running the motor under 
full load. Induction motors should be run at as near their normal pri- 
mary electromotive force as possible, because the output and the torque 
are directly proportional to the square of the primary pressure. As an 
example may be mentioned that a machine which will carry an overload 
of 50 per cent at a normal electromotive force, will hardly, carry its 
full load at 80 per cent of the normal electromotive force. 

From the description of the construction of the induction motor it is 
apparent that it is an electric motor whose action depends upon the in- 
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(luction of an electric current in the armature. The alternating current 
in the* field magnets induces currents in the windings of the armature, 
and these induced currents produce electro-magnetism in the core of the 
armature. The fkct that the electro-magnetism in the armature is due 
solely to induction is the reason for the name of the motor. The wind- 
ings on the armature are connected in parallel and are, so to speak, 
short-circuited, that is, they have no connection with any outside circuit. 
An induction motor is frequently termed an asynchronous motor. In 
Fig. 22 is shown an induction motor made by the Sprague Electric Co.; 
this motor is of 50 horse power capacity. 

Single-phase Induction Motors 

A single-phase alternating current produces an alternating and not a 
rotating magnetic field, as has already been mentioned. If, however, 
the rotor or armature of a single-phase motor is made to rotate rapidly 
while the stator or field is supplied with an alternating current, the cur- 
rents induced in the rotor conductors will themselves produce a mag- 
netic field, and since this field will be out of phase with the primary 
field, the two magnetic fields, due to the stator and rotor, will together 
form a rotating field, and the action of the motor will then resemble that 
of a two-phase motor. In order, however, to get the rotor to revolve in 
the first place, a special device which generally takes the form of an aux- 
iliary winding supplied with current through a resistance giving it a 
difference in phase from the main current, is employed. This auxiliary 
winding is switched out when the rotor has attained sulficient speed. 

Switchboards 

The switchboard has been aptly described as the heart of an electric 
power generating station. All the currents generated by the various 
electrical machines are led to it, and from it radiate all the lines 
through which the electrical current is distributed. There are a great 
number of types of switchboards, and it is not possible to describe them 
in any but a general way. 

The purpose of the switchboard is to concentrate or centralize the 
means of controlling the energy developed in a power station, and it pro- 
vides means for controlling, distributing, and measuring the current; 
it offers, as well, a means of protection against injury to the apparatus. 
The switchboard should be so located that the person or persons in 
charge of the plant may have a full view of the machines and the switch- 
board at the same time. The switchboard should also be located so that 
the connections between the machines and the board may be as short 
as possible. Sufiicient space should be left back of the board so that the 
operator can easily and safely inspect, repair and adjust the connections, 
which are made on the back. 

Switchboards usually consist of several slabs or panels of marble or 
slate, on the one side of which are placed the various instruments, han- 
dles and switches for the operation of apparatus, and on the other side 
of which the connections to the apparatus in the power station are made. 
The sections or panels are each about 2 feet wide and from 6 to 8 feet 
high. A separate panel is used for each of the various apparatus in the 
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station. There are, for example, generator panels, feeder panels, rotary 
converter panels, motor panels, etc. A complete switchboard built up of 
a number of these panels is held together by means of a frame consist- 
ing of a rectangular iron support resting on more or less ornamental 
legs. There is usually an open space of about two feet between the floor 
and the lower part of the frame, which supports the panel. The construc- 
tion of the panels is usually such that extra panels can be added as re- 
quired. 

The reason why marble is used for the panel is on account of the 
necessity of using a strong insulating and fire-proof material. Slate 
may be used instead of marble for circuits which are not above 1000 
volts. If slate is used for circuits over 1000 volts, the sections of the 
circuits which carry the high potential current must be insulated from 
the panel. The reason for this is that slate is liable to contain veins of 
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Flff. 23. Varioua Arranffements of Bwitohboard Panels 

lower insulating materials. Marble panels are left in their natural 
white state, whereas slate panels are finished in oil or black enamel. 
The black oil finished slate panel gives a neat appearance, and harmon- 
izes with the finish of the devices mounted upon it. Marble, however, is 
stronger, and as already mentioned, is a much better insulator than 
slate, but on account of the fact that its polished surface will show oil 
stains, it is more difiicult to keep it looking clean and neat. Sometimes 
marble panels are black enamelled for this reason, and then present a 
dull black finish. 

When the Instruments which are to be used on the switchboard are 
mounted on it, similar instruments and devices on the different panels 
standing side by side should be located at the same height, as this tends 
to give the panels a symmetrical and pleasing appearance. The instru- 
ments that are mounted on the switchboards are, as a rule, as follows: 
Indicating voltmeters, field ammeters, swinging voltmeters, switches, 
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I heostats, synchronizers, ground detectors, f uses» circuit breakers, trans- 
formers, compensators, and wattmeters. 

The general arrangement of the various instruments on the switch- 
board is generally as follows: Circuit breakers and fuses are placed 
near the top of the panel ; the reason for this is that if any arc should 
rise, no injury will be done to the adjacent devices or to the operator. 
Beneath the circuit breakers are located the various volt- and ammeters. 
About the middle of the panel are placed the hand-wheel for operating 
the rheostat, the field switches, etc., as well as the large recording watt- 
meters. Of course, this arrangement is often departed from. A further 
description of switchboards will contain little more than a description 
of the various apparatus which it carries. The types of switchboards 
used in different stations vary greatly, so that only general statements 
can be made relating to their arrangement and design. In Figs. 23 and 
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24 are shown various arrangements of switchboard panels, and Fig. 25 
shows the general appearance of a switchboard for an alternating cur- 
rent installation. 

The importance of the switchboard is realized when it is remembered 
that it offers a check upon the efficiency and economy of the whole power 
installation. All the machines have been designed to operate most eco- 
nomically under certain loads, and the switchboard provides the indicat- 
ing and recording instruments by means of which it becomes possible 
to determine if the machines are working under the most advantageous 
conditions. A record can also be kept of the total output. The protect- 
ing devices contained on the switchboard are also of importance in that 
they prevent injury and economical losses due to unforeseen causes. It 
Is highly important that these safety appliances are kept in proper re- 
pair so that they are always reliable, especially when they are of the 
automatic type. If they are not kept in good condition they may be a 
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greater source of danger than of benefit, because the operator will natu- 
rally rely upon them, and hence invite difficulties which otherwise 
might have been guarded against. 

Instruments Used on the Switchboard 

Voltmeters are employed for the purpose of enabling the switchboard 
attendant to obtain the voltage of any section of the system, or of any 




F^g. 25. A Complete Swltohboerd 

generator, by the use of a plug switch inserted in a voltmeter recep- 
tacle. Swinging voltmeters are mounted on an arm attached to a 
bracket fastened to the side of the panel and can be swung back and 
forth. The mounting is similar to that of the synchronism indicator 
shown in Fig. 26. When a second generator panel is installed for the 
purpose of operating more machines in multiple, the use of anather 
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voltmeter becomes necessary, and this voltmeter is then mounted on 
the swinging arm so as to occupy a place beside the first. The two 
voltmeters can thus be easily compared, and any differences in voltage 
between the two generators seen at a glance. Ammeters are used for 
measuring the current and are mounted on the switchboard, the same 
as the voltmeters. The general appearance of the ammeter and volt- 
meter is practically the same. 

Switches are used for making or brealcing contacts so as to connect 
and disconnect one part of a circuit with another. It is evident that 
switches are required to act quickly, as the time for making the con- 
tact and the abruptness in breaking the contact are matters of great 
importance. 

The rheostat is often mounted on the back of the generator panel or 
in proximity to it. There are two rheostats for alternating current 
machines, one for the exciter and the other for the generator. Hand- 




Fig. 26. Synohronlsm Indicator 

wheels are mounted on the face of the panel, which are employed for 
turning the contacts. These latter do not appear on the front side of 
the panel ; only a dial with a movable index is seen on this side. The 
dial index shows the relative value of the resistance when the rheostat 
is operated by the hand-wheel. In some instances the rheostat is 
placed at a point some distance from the switchboard, in which case 
only the dial with its various connections and the hand-wheel are 
placed on the panel. 

Ssmchronism Indicator 

The method of bringing two alternators into synchronism by means 
of an electric lamp has already been referred to. Any satisfactory 
device used for synchronizing two or more alternating current machines 
should properly perform three distinct functions. It should indicate 
whether the starting machine is rotating slower or faster than the 
other machine; it should indicate the amount of difference in speed; 
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and it should accurately indicate the moment when synchronism and 
coincidence in phase of the two machines occur. A synchronizing 
lamp does not perform the first function. It performs the second func- 
tion properly, and the third function only approximately. For this 
reason special instruments called synchronism indicators have been 
brought out. The pointers on these instruments move around a dial 
like the hands of a clock, and the angl-e at the pointer's displacement 
from the vertical position is a measure of the angle of phase difference 
between the two sources of electromotive force to which the device is 
attached. Hence if the machine to be brought into synchronism rotates 
too fast, the pointer will move in one direction, and if it runs too slow, 
the pointer will move in the other direction. When coincidence in 
phase takes place, the pointer remains in a vertical stationary position. 
An instrument of this kind mounted on a swinging bracket is illus- 
trated in Fig. 26. 

Qround Detectox*8 and Fuse Blocks • 

A ground detector is a device by means of which any leg or part of 
the circuit may be tested for grounds. Two lanaps in series, connected 
to the ground at the point of connection between the two lamps, and 
so arranged by means of a switch that a test may be made, constitutes 
the general character of the apparatus. Whichever lamp burns bright- 
est indicates the position of the ground. If the lamp connected to 
the right hand leg burns brightest, the left leg is grounded, and vice 
versa. 

Fuses for alternating current service are generally mounted on porce- 
lain backings, which in turn are contained in an iron box. They 
serve the purpose of opening the circuit when too heavy a current 
tends to flow through it. They consist of some easily fused metal 
which melts when a strong current flows through it, and thus discon- 
nect the circuit. It is said that the fuse "blows" when the metal thus 
melts. When blowing, the operator is protected from injury by the 
position the fuses occupy in the porcelain foundation. A type of porce- 
lain tube is employed which forms part of the porcelain ' foundation 
and which occupies a front position in the forward part of the fuse 
block; this contains the fuse and protects the lineman whether the 
box is near his hands or not, or whether it is opened or closed. In 
some designs of fuse blocks the porcelain tubes are readily removable. 
As they contain the fuse itself, it is evident that the removal of this 
tube and the insertion of another involves no risk of dangerous con- 
tact. The fuse, when blowing, expels the volatilized metal through 
the porcelain ends and thus protects the device from injury. It is to 
be understood that a fuse box must be waterproof. The presence of 
moisture would rapidly invite electrolytic and other actions. Heavy 
grounds, ultimately resulting in short circuits, would also be incurred. 

Circuit Breakers 

Circuit breakers are mechanical devices used instead of fuses to 
open an electric circuit when the current exceeds a certain predeter- 
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mined value. They are the safety valve of the electric circuit, and 
prevent an excess of current to enter into a circuit where it would 
act destructively to the machinery and apparatus. The usual form 
of the circuit breaker is that of a switch normally held In its shut- 
down position by a latch and provided with a strong spring which acts 
in a direction tending to open the switch. A magnet is provided 
which is capable of releasing the latch and allowing the spring to 
throw the switch open as soon as the current reaches the danger point, 
or the value for which the magnet and latch are adjustea. The mag- 
net is a solenoid, that it, it consists of a plunger around which are 
wound a few turns of heavy wire carrying a current. The current 
around the plunger magnetizes it, and causes it to move, thereby trip- 
ping the latch. 

Circuit breakers are used instead of fuses because they are more 
sensitive; they can be adjusted to open exactly at a predetermined 
current value with the same precision as a safety valve opens at a 
given steam pressure. The most Important advantage of the circuit 
breaker, however, is that It requires but a fraction of a second to throw 
in the circuit breaker switch, while it takes considerable time to re- 
place a fuse. Besides the time gained, it is also much easier to operate 
in all respects. The only reason why circuit breakers are not used 
entirely in place of fuses is that their first cost is a great deal more 
than the cost of fuses. Small fuses are less objectionable than large 
ones, and for this reason circuit breakers are seldom used Instead of 
small fuses. 

The OompenBator 

The compensator, or as it is often called, the voltmeter compensator. 
Is a device by means of which the voltmeter on the switchboard in 
the power station may be arranged to show the voltage between the 
transmission lines at some distant point, usually the point where 
the current is consumed. The transmission of power Involves the 
sustaining of the correct voltage at the points, not only of distribu- 
tion, but of consumption as well. The terminals of the feeding system 
must therefore be watched carefully to remedy any great difference 
in voltage between them and the station proper. 

LoBseB In Power TrcmsmlBBlon 

If some estimate is made of the net results of power transmission 
from a standpoint of efficiency, based upon a general efDclency of 90 
per cent per machine throughout the plant, the figures will show a 
lower efficiency than would be anticipated at first glance. Assuming 
the engine to deliver 1000 horsepower, the dynamo would yield 900 
horsepower; the step-up transformers would give 10 per cent less, or 
810 horsepower; the line would give 10 per cent less, or 729 horse- 
power; the stepHlown transformers would give 10 per cent less, or 
656 horsepower; and the rotary converters and street lines 10 per 
cent less, or 590.4 horsepower. Higher percentages of efficiency than 
these are claimed for many plants, but a 30 per cent loss is not to be 
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considered as very large from end to end of the complete power 
transmission system. Of course, the losses are not uniform as in 
the example above. In some of the apparatus the losses are more than 
10 per cent and in some less. But the example above was chosen 




Flff. 27. The Interior of a 8ub>et»tlon 

simply to show the method of obtaining the total eflftciency when the 
losses in each part of the transmission system are known. 

In Fig. 27 is shown the interior of a sub-station. As will be seen 
in the illustration, there are two transformers placed against the wall 
and two rotary converters In the center of the room. In the back 
will be seen the switch-boards with their meters, switches and other 
apparatus. 



Digitized by LjOOQIC 



CHAPTER in 



POTVBB TRANSMISSION LINES 

In the usual type of power transmission plant the power is gen- 
erated at 2000 or 3000 volts, and is then transformed up by static 
transformers at the station end of the power line to 10,000 or 15,000 
volts. A current of this voltage is then transmitted through the line 
to the receiving end, where a sub-station Is located; the current is 
then stepped-down to a voltage suitable for the use to which it is to 
be put. Power transmission lines, hence, carry a very high voltage, 
and this, in fact, is one of the necessary requirements, both in- order 
to reduce the heat losses and the size of the conductors required. 

The material used in the wires is almost always copper, although 
aluminum is used to some extent. Both of these metals are used in 
their commercially pure state, and are selected on account of their 
high factor of conductivity. Aluminum is not as good a conductor as 
copper and a larger diameter of wire, therefore, is required to carry 
the same current, but even with this larger diameter the line is lighter 
than one of copper, on account of the low specific gravity of aluminum, 
and it is for this reason often used for long distance transmission 
lines. With the present low price of aluminum, the total cost of the 
line is not much different from that of a copper line. Aluminum 
Is not used when it is necessary to insulate the wires, because, being 
larger in diameter, a greater amount of insulation material would 
become necessary, and this would increase the cost of the line con- 
siderably above one consisting of a copper conductor. 

The area of copper wires is usually given in circular mils. By a 
circular mil Is meant the area of a circle 0.001 inch in diameter. 
Table IV gives the area in circular mils of copper wire of various 
sizes according to the Brown & Sharpe wire gage. This table also 
gives the diameter and the resistance in ohms per foot. The resist- 
ance of an electrical conductor is expressed by the formula: 

in which /?=: total resistance In ohms, 

L = length of the conductor in feet, 

/=: resistance of wire of given size in ohms per foot, as 
found from Table IV. 

Square mils are sometimes used for expressing areas. A square 
mil is the area of a square whose side measures 0.001 inch. One square 
mil equals 1.27 circular mil. The diameters of copper wire used as con- 
ductors are given in the American or Brown & Sharpe wire gage. 
Wires of a size larger than No. 0000 are designated by their diameters 
in inches. 
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Bffect of BesiBtanoe 

The effect of the resistance in conductors shows Itself in a drop in 
voltage, this drop being determined by Ohms' law. (See Maciiin- 
ert'b Reference Series No. 73, Principles and Applications of Elec- 
trlcit7» Part I). There Is also a loss of energy proportional to the 
C'R loss referred to in the previous chapter. In addition there is 
a heating of the conductors, due to this energy loss, which is con- 
verted into heat. When the conductors increase in temperature the 
resistance increases, until all the energy generated is lost in heat 
For this reason a conductor is capable of carrying only a certain 
amount of current with a given temperature rise. As a general rule, 



TABUS IV. DIMBM8ION8 AND RB8I8TANOB OF OOPPBB WIRB 



Dimensions 




American 
or Brown & 
Sharpe Ga»e 


Diameter in 
Inches 


Area in 
Circular Mils 


Ohms per Foot 


At 68^ F. 


At 122^ F. 


0000 


0.4600 


211,600 


0.0000489 


0.0000547 


000 


0.4096 


167,800 


0.0000617 


0.0000689 


00 


0.8648 


18:J.I00 


0.0000778 


0.0000869 





0.8249 


105,500 


0.0000981 


0.0001096 


1 


0.2898 


88,690 


0.0001287 


0.0001882 


2 


0.2576 


66,870 


0.0001560 


0.0001748 


8 


0.2294 


52.680 


0.0001967 


0.0002198 


4 


0.2048 


41,740 


0.0002480 


0.0002771 


5 


0.1810 


88,100 


0.0008128 


0.0008495 


6 


0.1620 


26,250 


0.0008944 


0.0004406 


7 


0.1448 


20.820 


0.0004973 


0.0005556 


8 


0.1285 


16.510 


0.0006271 


0.0007007 


9 


0.1144 


18,090 


0.0007908 


0.0008885 


10 


0.1019 


10.880 


0.0009972 


0.0011140 


11 


0.0907 


8,284 


0.0012570 


0.0014050 


12 


0.0808 


6,580 


0.0015860 


0.0017710 


18 


0.0720 


5.178 


0.0019990 


0.0022840 


14 


0.0641 


4,107 


0.0025210 


0.0028170 


15 


0.0571 


8.257 


0.0081790 


0.0085520 


16 


0.0508 


2,588 


0.0040090 


0.0044790 


17 


0.0458 


2.048 


0.0050550 


0.0056480 


18 


0.0408 


1,624 


0.0068740 


0.0071220 



the current density should not exceed 1000 amperes per square Inch 
of cross-section for copper conductors, but this value is too low for 
wire of small gage, and is too high for wire of large diameter. As 
an average, however, it may be used for general estimates. 

Insulation or covering is required for all conductors carrying elec- 
trical energy, excepting for wires used on pole lines. Even these 
wires are, however, often insulated. The insulation may serve the 
purpose of merely preventing the wires from coming into contact 
with each other, in which case a simple cotton or silk covering is used. 
When a high voltage is carried, the insulation serves the purpose of 
presenting a high specific resistance. 
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In speaking of the capacity of a conductor we have meant, so far, 
its capacity for carrying or transmitting current The expression 
"electrostatic capacity" of a conductor, howerer, is th« quantity of 
electricity that is required for charging the conductor to a given 
potential, or in other words, it is the'quantity of electricity which must 
be imparted to the conductor as a charge in order to raise its potential 
a certain amount. The amount of electricity used for this purpose in- 
volves, of course, a loss of a part of the total amount of energy sent into 
the line. When the line is long the capacity may be appreciable. 
Formulas and tables will be given in the following for its calculation 
in all cases. 

Capacity and Inductance in Power Lines 

A power transmission line is affected in two respects, first by the 
effect of one wire upon the other, and of each of the wires upon the 
earth, and second by the effect of self and mutual inductance. These 
two effects are called the inductance and the capacity of the line, re- 
spectively, and constitute the losses met with in a power transmis- 
sion. The capacity, in this case, is what is called the electrostatic or 
static capacity of th« line, as has just been explained above. The 
capacity may be reduced by increasing the distance between the con- 
ductors, or in lead-covered cables, by using an insulating material 
having a low specific inductive capacity such as paper. 

By mutual inductance is meabt the inductive effect of one circuit 
on a separate circuit, the other circuit being in parallel in a power 
transmission. If, for example, an alternating current flows in one 
circuit, it sets up an electromotive force in a parallel circuit. This 
electromotive force is opposite in direction to the electromotive force 
impressed on the first circuit. The effects of mutual inductance may 
be reduced by increasing the distance between the circuits, the distance 
between the wires of the same circuit remaining the same. It is evi- 
dent that this method is impractical beyond certain limits, when the 
wires of the two circuits are supported by the same poles. In this 
case a special arrangement as explained later must be used. 

The conditions which make a circuit inductive or non-inductive 
may be regarded as those which individually or collectively add more 
or less of a varying magnetic field to the circuit. For instance, a 
core of iron around which a coil of wire carrying an alternating cur- 
rent is wound is an extreme case of inductance. The removal of the 
iron core reduces the degree of inductance, and the straightening of 
the wire from its coiled form still further reduces it. When two 
straight wires are employed for the purpose of transmitting electrical 
energy in the form of an alternating current, they have the least 
effect Inductively upon each other when closest together. In other 
words. If one wire leading out, and the other leading back to the 
power house, are installed a short distance away from each other, 
the effects of self-induction are less than when they are widely sep- 
arated, but a wide separation between high tension wires is relatively 
necessary as insulation could not otherwise be secured, particularly 
during conditions of great dampness or severe rain. 
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The distance between copper conductors will influence the degree oi 
inductance to an extent indicated by the following figures: For a 
No. Brown. & Sharpe gage pair of wires, run parallel and at the 
distances of 12, 18, 24 and 48 inches apart, the inductances in each 
case will be respectively 0.00254, 0.00276, 0.00293 and 0.00331 henry. A 
line necessarily has a certain amount of induction, which, when its 
true carrjdng capacity is estimated, calls for consideration. It is 
quite evident that the increasing value of high potentials necessitates 
the use of greater distances between the power lines than would 
be otherwise necessary. Tests have been made for the purpose of 
determining the pressure and distance over which spontaneous spark- 
ing would result. The results have been tabulated in a case where 
a wave form of current was employed with the spark leaping between 
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Fiff. 28. Chart sbowlnir Relation between VoltAffe and Dietanoe iMtween Oonduetora 

needle points. A chart with a curve showing the relationship be- 
tween the distance and voltage, with corresponding data, is given in 
Fig. 28. The diagrammatic form in which these facts are given will 
give some idea of the conditions resulting from the use of high pres- 
sures when the questions of inductance and insulation arise. 

Oalculatlng the Inductance Between Wires 

Various tests may be made to ascertain the amount of inductance 
between two parallel wires of copper or aluminum by employing a 
galvanometer and measuring the results obtained. On the other hand, 
fairly accurate calculations can be made by selecting and using a 
reliable and simple formula for the same purpose. 
Let A = distance between the wires in inches, 
(1 = diameter of the wires in inches, 
L = the inductance in henrys. 
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Then the total Inductance per mile of circuit is found by the follow- 
ing formula: 

I2A\ 
L = 0.000558 [2.808 log I 1 + 0.25] 



A table can be made up, based upon this formula, in which the induc- 
tance te calculated for various distances between wires of ^ifPerent 
diameters. 

The influence of inductance is overcome by the use of concentric 
conductors, or by conductors twisted around each other. The efPecta 
of inductance, unless remedied, are noticeable in the increased im- 
pedance in the line and the lag of the current 

The nearness of the conductors in pairs is detrimental in that it 
causes an increased - mutual induction between them. To overcome 
this difficulty, where it is impractical to increase the distance between 
the wires, it is necessary to make use of the method of transposition 
in installing the wires. This consists of the crossing of the conduc- 
tors at certain intervals so that a neighboring pair of wires remain 
inductively unaffected by the variations occurring in the first pair. 

Capacity of Lines 

The static capacity of transmission lines can be calculated by formu- 
las covering insulated lead-covered cables, single conductors with a 
ground return, or two parallel conductors constituting the total cir- 
cuit The formula giving the capacity in microfarads per mile for 
lead-covered cables is: 

38.83 XJT X 10-^ 

(7= per mile. 

D 

log — 

d 

For a single metallic circuit with ground return: 

38.83X10-' 

O = per mile. 

Ah 

log 

d 

For metallic conductors running parallel to each other: 

19.42X10-* 

0^= per mile. 

2A 

log 

d 

where = capacity in microfarads, 

/IT = specific inductive capacity of insulation ^1 for air, and 

2.25 to 3.7 for rubber, 
D:= inner diameter of lead covering of cable, 
(1 = diameter of conductor, 
7^ = height of conductor above ground, 
A ^distance between wires. 
The capacity of a circuit may be controlled as far as its effects are 
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concerned by the introduction of a certain amount of inductance. B7 
this means a neutralization of one by the other is effected success- 
fully. The relationship of the two must be such that C = l -^- (2 X ir 
X fVX L, in which / = the frequency, and L:=henrys. 

Oonductors Canryiner Power 

Conductors for carrying power can only be properly estimated on the 
basis of their weight, strength, temperature, resistance, capacity and 
inductance. The cost of the current carrying wire forms a consider- 
able part of the expense of the erection of a complete power trans- 
mission line. The balance of the expense lies in the cost of the under- 
taking with regard to the poles, insulators, etc. The original law 
laid down by* Lord Kelvin has undergone modification. His state- 
ment of the situation from an economic standpoint was as follows: 
"The interest on the cost of the copper of the line must be equal to 
the cost of the power wasted in the line." If the line cost |100,000. 
the interest at 6 per cent being $6,000 represented the dollars and cents 
value of the power that could be wasted in it without overstepping the 
economic law governing the best conditions of practice. The best 
conditions of practice, however, as outlined by the best engineering 
done in this field, show an expense in the insulation which far ex- 
ceeded the anticipations of the theorists originally dealing with the 
subject. Copper and insulation are of greater importance as regards 
the integrity of the plant and its serviceability for continued power 
transmission than was formerly believed, because of the extraordi- 
nary high pressures employed to secure economical transmission. 

The following formulas are recommended by one of the largest elec- 
trical manufacturing concerns in the United States. They relate en- 
tirely to the questions involved in power transmission, namely: 

1. The area of the conductors in circular mils. 

2. The weight of the copper of the conductors. 

3. The voltage loss in the line. 

4. The current in the main conductors. 

The area of the power line in circular mils is obtained by employ- 
ing this formula: 
Area = (D X W X C,) -j- (p x i^) in which 
W = power delivered in watts, 
D = distance of transmission in feet (one way), 
p =: loss in line in per cent of power delivered, 
E = voltage between main conductors at receiving or con- 
sumer's end of the circuit. 
The value of Cj =: 2160 for direct current, when T = 1, B = 1 and A 
= 6.04. The last symbols refer to characters used in formulas to fol- 
low. To obtain the value of the current in the main conductors, a for- 
mula of the following simple form is used: 

T 

Current in main conductors = W X . 

E 

When the power circuit carries a direct current T = 1. When the 
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system is alternating, the value of T is obtained from the table below, 
in which it is given for single, two and three-phase currents: 





Power Factor in Per Cent 1 


Single-phase system, value 
of T= 


100 


96 


90 
1.11 

0.55 
0.64 


85 


80 


1.00 
0.60 
0.58 


1.05 
0.53 
0.61 


1.17 
0.59 
0.68 


1.25 
0.62 
0.72 


Two-phase system, (four 
wire), T= 


Three-phase system (three 
wire), T= 



Thus, T = l for direct current; for single-phase with a power factor 
of 100 it also equals 1; for two-phase it equals 0.50; and for three- 
phase 0.5S. But ideal conditions like these do not exist in power lines 
except under extraordinary circumstances. When the power factor is 
80, the value of T becomes respectively 1.25, 0.62 and 0.72 with single, 
two and three-phase currents. 

An Illustration of this principle of application can be readily made 
by a case in which it is desirable to know the current in the main 
conductors with a given amount of power, say 100,000 watts, which is 
transmitted at a pressure of 10,000 volts by continuous current and 
single, two and three-phase currents, the power factor for all being 90. 

With direct current. Current in main conductors = 100,000 X 

1 

= 10 amperes. 

10,000 

With single-phase current. Current in main conductors = 100,000 x 

1.11 

= 11.1 amperes. 

10.000 
With two-phase current Current in main conductors = 100,000 x 
0.55 

= 5.5 amperes. 

10,000 
With three-phase current. Current in main conductors = 100,000 x 
0.64 

= 6.4 amperes. 



10,000 

The relative values in this case, when compared, show differences 
representing the amount of copper necessary for 10 amperes with direct 
current, ll.l amperes with single-phase, 5.5 amperes with two-phase and 
6.4 amperes with three-phase. The increase in the copper required 
with single-phase transmission over that required for a direct current, 
for equal quantities of power, is the difference between 11.1 amperes 
and 10 amperes. The weight of additional copper over a long line 
would readily prove the disadvantage of this if it were not outweighed 
by other considerations, such as comparatively easy handling as 
regards insulation. A direct high-tension current is not practical for 
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power transmisBion because of the difDculty in attempting to secure 

Insulation and commutation in direct-current motors under these 

conditions. 
The weight of copper is calculated by the formula: 
Pounds of copper = (/)* x W X Ci X A) -f- (p X jET* X 1,000,000). 
The value of C^ depends upon the system as does also A. Both are 

given in the following table, which covers the situation with regard to 

single, two and three-phase systems: 



Systems 


Values 
of A 


Power Factor in Per Cent 


Values of Ci 


100 


95 


90 


86 


80 


Sin&rle-Dhase 


6.04 
12.08 
9.06 


2160 
1080 
1080 


2400 1 2660 
1200 1880 


8000 
1600 
1500 


8880 
1690 
1690 


Two -phase (four- 
wire) 


Three-phase (three- 
wire) 


1200 


1880 











In the case just cited, where D = 100,000 feet, W = 100,000 watts, 
Ci = 2660, A = 6.04, p = 10, 17 = 10,000 volts, if the weight of copper 
for the single-phase system is calculated for a distance of 100,000 feet 
the result would be as follows, with a 90 per cent power factor and a 
10 per cent loss. 

Pounds of copper for single-phase system = (100,000 x 100,000 X 
100,000 X 2660 X 6.04) -f- (10 X 10,000 X 10,000 X 1,000,000) = 

100,000* X 2660 X 6.04 10"» X 2660 X 6.04 

=: = 16,066 pounds. 

10 X 10,000* X 10* W 

If the weight of copper is to be found for a two and a three-phase 
circuit under the same general conditions, an examination of the table 
will readily show that A for a two-phase system is 12.08, and Ci for the 
same phase with a power factor of 90, has the value 1330. A further 
examination will show for three-phase, the value for A of 9.06, and 
for Ci with a 90 per cent power factor 1330. Arranging the items as 
before, we have the following data for calculating the weight in pounds 
of copper of a two-phase system : D = 100,000 feet, W =: 100,000 watts, 
C, = 1330, A == 12.08, p = 10, £? = 10,000 volts. 

Pounds of copper for a two-phase system = (100,000* X 100,000 x 

10'* X 1330 X 12.08 

1330 X 12.08) -J- (10 X 10,000* X 10«) = = 

10'* 
16,066 pounds. 

These calculations show no difference in the weight of wire. 

The data supplied in connection with a three-phase system with a 
power factor of 90 are as follows: D = 100,000 feet, W = 100,000 
watts, Ct = 1330. A — 9.06, p = 10, E = 10,000 valts. 
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Pounds of copper for a three-phase system = (100,000* X 100,000 X 

10'» X 1330 X 9.06 

1330 X 9.06) -»- (10 X 10,000« X 10«) = = 

10'» 
12.050 pounds. 

The variation in weight due to the introduction of a three-phase 
system suggests the economic reason for its success over other 
methods. The results show equivalence in weight for a single and two- 
phase system as stated. The three-phase gives a favorable difPerence 
in weight of 25 per cent. 

Where three-phase power transmission is a problem of many miles 
instead of the limited distance of the last examples, a formula Is sug- 
gested for the weight of copper as follows: 

Pounds of copper = (If* X K. W. X 300,000.000) h- (p X ^). 
where M = the distance of transmission In miles, 
K. W. = the total energy delivered in kilowatts. 
The power factor is assumed to be approximately 95 per cent. 
If, for the purpose of Illustrating the application of the formula, the 
following data are assumed: 
M = 100 miles, 
K. W. = 10,000, 
P = 10, 
E = 100,000 volts, 

100" X 10,000 X 300,000,000 

then the weight of copper will equal = 

10 X 100,000» 
3 X 10'« 

r= 300,000 pounds of copper. 

10" 

The Voltacre Drop in the Line 

The voltage drop in the line must receive consideration as the factor 
influencing the commercial aspect of the problem of power transmis- 
sion more than any other. It is, in fact, the question of wasted energy* 
in the line, which governs Its cross-section for a given length. The 
weight is. therefore, an element governed by distance only in so far 
as the energy dissipated is duly considered. The greater the drop, the 
less the weight of copper for a given distance, other things being equal, 
and the less the drop, the greater the weight of copper required for a 
given distance under the same circumstances. The formula for the 
voltage lost in the power line is as follows: 

Volts lost in line = p X ^ X B -^ 100, where, as already stated, 

p == per cent loss of power, 

E = total pressure of line at the receiving end, 

B = 1 for direct current. 

The values of B for alternating current service, depend upon the 
size of the wire, frequency of the current and the power factor 
employed. In Table V values are given for wires 18 Inches apart. If 
the dlCterence in phase between the transmitting and receiving end is 
not very marked, these figures are reliable. Where the line loss 
exceeds 20 per cent and large conductors at 125 cycles are employed 
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CHAPTER I 



WHEEL AND AXLE WORK 



In Machinery's Reference Series No. 79, "Locomotive Building — 
Part I," were described, step by step, the operations followed in making 
the main and side rods of a consolidation freight locomotive. In 
the following the same consecutive method will be followed in de- 
scribing the machine shop work on the axles, wheels, centers, tires 
and crankpins, in the Juniata Shops of the Pennsylvania Railroad at 
Altoona, Pa. The finished product resulting from these operations 
is shown in Fig. 33, which illustrates the main driving wheels and 
axle of a new design of exceedingly heavy passenger locomotive, recently 
built. These are 80-inch wheels, the largest now used in regular pas- 




lt\g. 1. R«w Material for the Wheel and Axle Work 

senger service. The locomotive, being of the Pacific type, requires 
three driving axles in all. 

In Pig. 1 is shown a stock pile of forgings and stoel ca.stings In the 
yard outside the shop, from which the finished work in Fig. 33 is 
built up. The axles and pins are forged from nickel steel. The 
tires are made by the circular rolling process, and are received at 
the shops rough. The wheel centers are steel castings. 

The Main Axles— DriUingr and Inspectingr Holes 
Fig. 2 is a drawing of the driving axles of the K-2 Pacific type loco- 
motive, giving the principal dimensions. As shown and as seen also in 
the axles in the pile at the right of Fig. 1, holes are drilled clear 
through the axle centers, the diameter of the hole being 2 inches in this 
case. The purpose of this hole is simply to permit inspection of the 
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4 No. So-locomotive building 

Interior of the forging. If there is a defect In an axle forging any- 
where, it may be expected at the center, where seams due to piping 
and other troubles would surely be found if they were present at all. 
By examining the interior surface with an electric light mounted on 
ft long rod and provided with a reflector, it is possible to be assured 
that each one of the thousands of driving axles used on the locomo- 
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Fig. 2. Rough and Finished Turned Dhnenslona for Driving Axles 

tives of the Pennsylvania system is flawless and homogeneous. This 
is a form of Insurance which is rather expensive, but it is exceed- 
ingly effective. 

Two forms of axle boring lathes are shown in Figs. 3 anc^ 4, the 
first of these being the older design. In this machine, as shown, a 
hollow spindle is used, large enough to take the work In bodily. This 
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WHEELS AND AXLES 5 

is grasped by a chuck at the front end, and is centered and supported 
at the rear end on the points of three set-screws, so that it runs prac- 
tically true. The drill itself is stationary, being grasped in a clamp 
bushing on a special carriage. The supporting bushing guides the 
drill close up to the work, starting it truly and keeping it in line until- 
the end of the operation, thus assisting in keeping the hole con- 
centric. The reason for revolving the work instead of the drill is, of 
course, that the hole can be kept concentric with the work when 
this is done. If the work were stationary while the drill only revolved, 
the chances are that the hole would run away out from the center line 
of the work, especially if it should meet a flaw or a hard spot in the 
metal.* 

Now while it is necessary to revolve the work, it is evident that 
this involves constructional difficulties in the lathe itself. The spindle 




Flff. 3. DrUUsff the Test Holes in the Axle Forf^gn 

shown in Pig. 3 has to be of a very large diameter, and must be run 
at very high speed if it is to allow a modern inserted blade drill to 
operate to the best advantage. To overcome the necessity for revolv- 
ing a large spindle at high speed, the improved form of axle boring 
lathe shown in Fig. 4 was developed. Here the spindle is of ordinary 
proportions, the work being held at one end in the chuck while it is 
centered and grasped at the other in a revolving holder of the "cat- 
head" type. This simplifies the problem by reducing the spindle 
diameter. Still further benefit is derived by revolving the drill itself 
at a high rate of speed instead of having it stationary as in Fig. 3. 
The work is also revolved, but all the beneficial results in the way of 
truing up the hole, can be obtained if the rate of revolution is quite 
slow. In the case shown, for a two-inch hole, the axle revolves at 15 
revolutions per minute, and the drill in the opposite direction, of 
course, at 75 revolutions per minute. 

*Sme Machinbry's Reference Book No 26, "Deep Hole DriUin«r." 
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WHEELS AND AXLES 7 

The drill head is clamped to a regular lathe carriage, and is con- 
nected for driving the drill with a special splined shaft at the back 
of the lathe. Unlike the machine shown in Fig. 3, this is practically 
a regular engine lathe, with only the addition of this splined driving 
shaft, the drill head on the carriage, the bushing support for the drill, 
and the revolving rest for the front end of the axle. Otherwise it is 
provided with lead-screw, change gears, and all the other requirementa 
of the standard engine lathe. It may be used as an engine lathe when 
the attachments are removed. It ia motor-driven, with a controller 
operated from the carriage. 

A well-known type of deep-hole drill is used for this* operation. It 
consists, as shown in fMg. 6, of a long bar A of steel, with a slot milled 
across its front end, in which an inserted blade B of high-speed steel 
is held by means of a taper pin C. Square grooves are provided on 
each side for the escape of the oil and chips. In circular grooves on 
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Flff. 6. The Drill used for Deep Borlxiir in the Machines 
shown In F\gB. 8 and 4 

the side, tubes D are brazed, which lead the oil from the socket ih 
the lathe carriage through to the cutting point. The only part of this 
drill subject to ordinary wear and replacement, as will be seen, is the 
steel blade B, which is very simple and inexpensive. These lathes, 
of course, are provided with power pumps, settling tanks, etc., tor 
handling the lubricant, which in this case is a soda-water compound. 
This is delivered to the carriage by a "trombone pipe" arrangement 
in the case shown in Pig. 4. 

Pig. 5 shows one of the holes drilled and under inspection. For 
this purpose an electric light is passed in at one end of the bore, pro- 
vided with a reflector so mounted as to shade the eyes of the inspector 
from the direct glare of the filament, and still show clearly the walls 
of the bore, by the reflected light. As these holes have been drilled 
for inspection and insurance only and are of no further use, they are 
promptly plugged up again to provide centers for the subsequent 
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machining operations on the axles. Various methods of plugging 
have been tried; but the one which has proved the most satisfactory 
in the long run at the Juniata Shops is the method which is also the 
simplest — namely, that of reaming out the ends of the bore with a 
taper reamer and forcing in corresponding taper plugs in the wheel 
press. The reamer and the plugs have a taper of % inch per foot. In 




Flff. 8. 0«nterixiir the Axle Preparatory to Tumln^r 

Fig. 7 the plugs are shown being pressed into place; a pressure of 
approximately 15 tons is used for this operation. The axles are now 
to all intents and purposes solid, and are treated as such throughout 
the remaining operations. 

The axles are now ready for the turning operations, and the special 
machinery operations. 
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Finisbinir the Drlvioir Axles 

Fig. 8 shows the axle being centered. This is done in a special 
machine. The two ends are grasped in V-jaws tightened by rlght- 
and left-hand screws, which center the axle in front of two drlll- 
spindle heads, one at each end. These heads are driven by bevel gear- 
ing from a splined shaft running through the center of the bed, and 
each is provided with a threaded quill and handwheel for feeding. 
As usual in centering, a leading hole is first drilled and this is then 
finished out to a center by the use of the countersink shown. The 
drift hole provides for rapid changes of drill and countersink. 

From the centering machine the axles are taken to the lathe shown 
in Fig. 9, where the journals and wheel-fits are turned. Templets 
are used for the lengths of these cuts, one of these templets being 
shown laid on the wheel-fit at the near end of the axle. Fixed gages 
are also used for diameters. One of these is shown applied to the 
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Fig. 9. Turning tta« Axles 

Journal, while the other is lying on the top of the carriage. The 
journals are finished by the rolling operation shown in Fig. 10. The 
roll is mounted in a forked holder in the tool-post, and fed back and 
forth across the work under a considerable pressure. There is an 
opportunity here for the display of judgment by the operator in the 
matter of the pressure applied. This must be heavy enough to roll 
down the tool marks and harden the surface. If too great a pressure 
is applied, however, these results are not obtained; instead, the surface 
is flaked and disintegrated, leaving it unfit for use in the bearing. 
A little kink in estimating the smoothness of a surface is worth 
mentioning. The instinctive way of doing it is to run the tip of 
the finger across it to see how it feels. A more delicate test, however, 
consists of running the edge of the thumb-nail over the surface. For 
some reason this shows up ridges and irregularities of the surface 
much more sensitively than does the flesh of the finger tip. 
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The axle is now taken to a special milling machine, where the key- 
seats are cut 90 degrees apart on the ends, the two operations being 
simultaneous. This machine is shown in Fig. 11. The construction 
of the machine is plainly evident. The axle is mounted on its centers, 
and is supported on V-blocks which in connection with the weight of 
the axle, serve to keep it from moving under the cut. Two sliding 




Flff. 10. Fin 0hing the Axle Journals with the Rolliaff Tool 




Fiff. 11. Keyeeatinff the Axles on a Special Quartering Milltnff Macklne 

cutter heads are provided, with axes at an angle of 90 degrees with 
each other. This brings the wheels on each side of the engine with 
the crankpins exactly 90 degrees apart; in other words, it "quarters" 
the wheels. 

The cutters on these spindles have to be accurately centered, of 
course, if the quartering of the keyways is* to be accurate. For this 
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purpose a center line Is provided on the back slope of the teeth, half- 
way between the sides of the cutter. This line on the cutter, in the 
original construction, was lined up with a pointer set in a stud in a 
bracket provided for the purpose on the cap of the cutter spindle bear- 
ing. The seat for the stud is shown, though the bracket is not in place. 
This method of centering has been changed somewhat in the practice 
ot the shop. Instead of using this pointer, a reference surface shown 
at A in the engraving is used on the tailstock, and the measurements 
are made from this to the face of the cutter to set it central. This 
would seem to be a very satisfactory method, as it would not be affected 
by wear in the slides and changes in the tightness of the gibbing, 
owing to the fact that the reference point or surface is directly 
mounted on the member which supports and centers the work. 

After the keyway's have been cut on this machine the axle is ready 
for assembling with the wheel-centers. 

Finishing Operations on the Crankpins 

The crankpins are machined from the rough forgings by obvious 
chucking and lathe operations which do not need to be described in 
detail. With the Walschaerts valve gear, these pins are of two kinds, 
depending on whether the Walschaerts crank is to be screwed and 
doweled into a counterbore, as in the case shown in Fig. 14, or is to 
be keyed and bolted with a split hub, onto a seat turned on the outer 
end of the pin, as for the case of the K-2 wheel shown in Fig. 33. 

The pins shown In Figs. 12, 13, and 14 are of the former sort. Fig. 
12 shows the operation of milling the keyseat for the fit of the pin 
in the main driving wheel center. This keyseat is, of course, required 
for the main pin only, as this is the pin from which the valve gear 
connections are made. The other crankpins are forced into place 
without keying. In Fig. 12 the work is simply held between centers 
in an ordinary horizontal milling machine, and the keyway is cut 
with a mill properly centered. At B Is a key, set into the keyway of 
a templet mounted just back of the pin; it is used merely to indicate 
the existence of the templet, which is out of sight. The latter has on 
it a line corresponding with one scribed on the pin, with which the 
Walschaerts return crank must match. This templet is used, there- 
fore, in locating the keyway with reference to the line of the crank. 

In Fig. 13 the crank has thus been properly located. In Fig. 14 it 
is shown on the drill press while the three dowel holes which locate 
it with reference to the pin are being drilled. These holes, as shown, 
after passing through the flange of the crank, are drilled half into 
the hub of the crank and half into the counterbore of the pin, locking 
them firmly together. The crank itself is, of course, held in place by a 
bolt passing through the center of the pin, and fastened by a nut on 
the inner face of the wheel. 

Boring the Tires 
In Fig. 15 is shown a section through the driving wheel rim and 
tire. The method used on the Pennsylvania R. R. for holding the tire 
in place is clearly shown. The usual lip or shoulder is provided on 
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the outer edge o^r^^ tire for taking the heavy thrust of the rail 
againstj^e flange rf'thfe lire in rounding ,©urves, taking switches at 
high s#^efl^ etc. In addition to' this, a groove is turned in the bore of 
the tirie^d. jijo thlsj$s set a series of plates about 2^/4 inches wide 
and 15^Ai*«he5 'long, as showix, held' to the inner face of the wheel 
rim by,^-incl^ rivets. Si-x of these^^ plates ane p^^ariiy used, spaced 
equally ai^tin*^ the ^Im. ' \ - * ■' 

This provision for locking the tire in ^ace is made necessary by 
the tendency which tires have to loosen 'from 'the- centers Under cer- 
tain conditions. It is a common occurrence to have a tire so heated 
by the slipping of the wheels on the track i^ starting at heavy loads, 
that it will loosen from the center and start to slide off. It cannot 
of course, come clear off, as it is retained in place by the flange strik- 
ing against the rail. The tire is shifted from its position, however, 
and when it cools again the gage of the engine has been widened, 
necessitating a cautious trip to the shop for reheating and replacing 
the tires. By the use ol various methods of locking, of which the clip 
arrangement here shown is one of the most satisfactory, this difficulty 
is avoided. 

The tires are received from the rolling mills rough all over. The 
finish rolling is, however, accurately" and smoothly done. The first 
operation consists in boring the tire for its fit on the wheel center, 
and also for forming the retaining lip or shoulder. This operation 
may be done in either the wheel lathe or the boring mill. In Pig. 16 
the tires are being bored in the lathe. They are held on the faceplate 
by clamps and blocking, and are mounted on parallels to provide clear- 
ance for the boring tools when working at the extreme inner edge. 
The tire is located in place for clamping and is accurately centered 
by a set of stops with adjustable screw-points, located between each 
of the four clamps shown. The operations of boring, and of forming 
the lip, are all of an obvious kind and do not need to be described in 
detail. An interchangeable blade boring tool is used. The inside 
diameter is accurately turned to a standard length gage. 

Operations on the Wheel Centers 

The wheel centers shown in Fig. 17 are of cast steel. Two forms 
of counterweights are used. One style shown in this figure is cast 
solid with the wheel centers. This is the style commonly used on 
passenger wheels of large diameter, where it is possible to get a large 
enough weight and one far enough from the center to produce the 
required balancing effect. On freight engines, in general, where the 
wheel is very much smaller in diameter, it is not usually possible to 
get into the required space enough weight in cast iron. On this 
account such counterweights are ordinarily cored hollow, and poured 
full of lead so as to get the required weight in the required space. 

Instead of pouring this into an enclosed space, the Pennsylvania prac- 
tice is to pour it into open chambers, as shown plainly in the 
freight wheel in Fig. 20. After these have been poured full, a plate 
of steel is bolted on for a cover, preventing any possibility of the 
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lead being lost out. The advantage over the closed chamber lies in 
the fact that in the latter case, the interior is difficult to clean properly 
and difficult to fill properly; it is common for the lead filling to shake 
loose and to rattle around as the wheels revolve. 

The first operation, if the wheel is to have a hub liner or washer, 
is the turning of the seat for this with dovetailed grooves to hold 




Fl0. 19. Boiinff and Turning the Wl»««l-o«nter 

it in place. This is done on the boring mill. The pouring of a bronze 
liner that will not crack while it Is cooling is an operation that many 



railroad shops have difficulty with, 
ever, obviates this trouble entirely. 
Pig. 18, where the whe^l-center is 



The method here followed, how- 
The secret of success is shown In 
seen mounted on horses directly 
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over the crucible oil furnace in which the bronze is being melted. The 
hub of the wheel is not merely warmed, but is heated to a high degree, 
being somewhere near the point where it would begin to show redness. 
When the bronze is poured into the heated hub, the liner and the hub 
shrink together, so that the cracking of the former is entirely obviated. 
It may be said that the cracking of the liners does no particular harm, 
it being, in fact, common custom to use them in this condition; but 
certainly the cracking does them no good, and when it can be avoided 
by a simple process like this the little extra trouble is worth while. 

The wheel-center is now taken to the boring mill, and is first 
mounted with the inside surface uppermost. Here the periphery and 
the Inside edge of the rim are faced and the hub bored and faced. 
The wheel is then turned over and mounted as shown in Fig. 19. Here 
the outside edge of the rim is faced, as is also the hub and its ezten- 




ng. ao. The Oonnterwelffbt Ponr«d Into Open Ohambera 



sion for the crankpin. The center is shown between the two opera- 
tions in Fig. 20, which also showjB very plainly the open form of 
chambers provided for receiving the counterweight lead in freight 
locomotive practice. 

The particular wheel here illustrated is intended for the electric 
locomotive on the New York Tunnel service. It will be noted that only 
the two outside chambers are filled with lead. This particular cast- 
ing is intended for the rear wheel, in which only the weight of the 
side-rod is to be balanced. If the same casting were to be used for 
the main driving wheel, the weight of the connecting-rod from the 
jackHshaft would also have to be balanced, requiring all the chambers 
to be filled with lead. This construction permits the use of one cast- 
ing for both styles of wheels, thus simplifying the question of patterns, 
and making the castings, In a way, interchangeable. 

The hub surface of the axle and crankpin is next marked with chalk. 
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as shown in Fig. 21, for scribing the keyways for the axle and the 
pin. A templet is used for this operation, two forms of which are 
showli in the engraving. The one in place is for the K-2 or Pacific 
type locomotive, in which the return crank for the valve gear is 
located at the proper angle by the keyVay of the crankpin. The 
templet consists of a cross made of rectangular steel, provided with 




Piff. 21. Layinff out the Keyseat for the Orankpin with Special Templet 




Plff. 23. 



Keyseatiaff in the Slotting Machine with Special Bqoaiinff Plate 
for SettiniT the Work 



gage marks and a circular segment for locating it on the axle bore, 
and with a disk templet, as shown, for scribing the crankpin bore 
and marking the keyway. Of the four projections on this disk the 
two shown nearer the axle are for the keyways, that on one side being 
used for the right-hand wheel, and the one on the other side for the 
left-hand wheel. 



Digitized by LjOOQIC 



WHEELS AND AXLES 



19 



For lighter types of locomotives, the crankpin keyway is put directly 
in line with the axle keyway, both being on the connecting center line. 
For this condition the templet shown lying against the wheel is used. 
This is located in the axle bore in the same way, and the crankpin 
bore is scribed. The long steel bar to which the other members are 
fastened is the width of the key used in both bores, so this is used 
for scribing their location. For locomotives using the Stevenson gear, 
no keyway is required for the crankpin, of course; so only the axle 
keyway* and the crankpin hole are scribed, to insure proper quartering. 

When the key ways have been thus laid out, the wheel center is 
taken to the slotting machine, as shown in Fig. 22, where the keyways 
are cut to the lines scribed in the previous operation. 

For those centers where the keyways are in line with each other 
and on the center lin« of the axle and crankpin, great assistance is 
given in the matter of setting up by the plate shown at C. This is 




Flff. 33. Prossloir the Axle Into the First Wheel 

fastened to the face of the column of the machine by studs, and is 
carefully set so that its surface is exactly at right angles to the ways 
on the bed, on which the work-table is adjusted in and out. By setting 
a square against this accurate surface, the wheel-center to be machined 
may be set so that the two keyways exactly square up, and are thus in 
line with the ways of the machine. When the tool is right for cutting 
one keyway. the work may be shifted over to cut the other without 
further setting. 

The next operation, not illustrated, is the drilling of the various 
holes required for the tire retaining plates, the counterweight cover- 
plate, etc. After this operation, and the pouring of the counterweights, 
the center is ready to be forced on the axle. 

Assembling the Wheels, Axles and Tires 
The wheel-press is shown in use in Figs. 23 and 24. The first opera- 
tion shows the press immediately after the forcing of the axle into the 
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first center. The axle is supported from the tie-bar in the usual sling, 
accurately set for height by means of the screw adjustment shown. 
The wheel center rests on a roller support, by means of which it may 
be turned until the keyway exactly lines with the key fitted in the 
axle. 

Fig. 24 shows the second center being forced on. This is also 
mounted on a roller support for bringing the keyway in line with 
the key. Blocking is used, as shown, so that the ram applies its 
pressure to each side of the hub, forcing it down to its seat on the 
axle, CMdd allowing, the end of the latter to project through it slightly 
if its length is such as to require this. 

For a 10-inch wheel-fit like this, the axle is turned approximately 
0.010 inch larger than the bore of the hole in the center, the usual 
ruie being about one-thousandth inch allowance per inch diameter of 
fit. An axle of this size would require anywhere from 120 to 145 tons 
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PliT' 24. Presainir the Second Wheel onto the Axle 

pressure to force it home, this pressure varying with the character of 
the machining on the surface fitted and with the exact dimensions to 
which the parts are finished. 

The wheels are now ready to have the tires shrunk on them. Where 
this tire-shrinking job is done on the wholesale as it is, for instance, 
at the Altoona repair shops, a heating furnace is used into which the 
tire is set bodily*. In continuous operation this arrangement heats a 
great number of tires per day. For establishments where the opera- 
tion is only occasional, the favorite arrangement is to provide a pipe 
slightly larger in diameter than the tire, and provided with a series 
of jets through which a gas fiame is directed on the tire around its 
circumference. For the number of tires per day, however, which have 
to be attended to at the Juniata shops (one locomotive per day is 
the regular capacity) the arrangement shown in Fig. 25 has been 
found entirely satisfactory. It provides for heating the tire uniformly 
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around its circumferenoe with a single flame, this flame being so 
arranged as to be capable of accurate control and to give an economical 
and efficient flame. 

As shown in the engraving, the arrangenxent consists of a turntable 
on which the tires are mounted, a combustion chamber of sheet iron 
lined with flre-clay, and a burner in which crude oil is atomized by 
compressed' air at the regular shop service pressure. The combustion 
chamber is swung on a swivel, as shown, so that it may be directed 
properly against the work. The burner is supported by it, and is sup- 
plied by flexible pipes. The tires are mounted two at a time on the 
turntable, which is slowly revolved by a push from the operator every 
once in a while. To determine when the tires have reached the proper 
heat, an inside solid gage is used, similar to the one used for boring 




Pl^. 26. Headnir the Tires on a Turntable tor Bhrinkinff onto the Centers 

the tires in Fig. 16, but larger, of course, by the amount of expansion 
the tire must possess before it can stretch over the wheel-center. 

When it has expanded to the point where the gage will enter the 
bore of the tire in any direction, the tire is picked up by the crane and 
dropped on the floor of the shop. The crane then picks up the axle 
with the two centers and drops one of the centers into the tire. The 
second tire is then picked up and dropped onto the upper wheel-center, 
the combination being left in the position shown in Fig. 26 until the 
tires shrink on. The centers and tires rest against the lip on the 
latter, of course, so that they shrink squarely into position. The chalk 
mark "H" on the lower tire means that the tire is hot. The correct- 
ness of this statement could, without doubt, be determined by experi- 
ment. 

After the tires have cooled down so that they ere firmly shrunk into 
place, the wheels are taken to the quartering machine shown in Fig. 
28, where the crankpin holes are bored. This well-known tool bores 
the crankpin holes exactly 90 degrees from each other. This is, of 
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course, a matter of great importance, for if the various pairs of driv- 
ing wheels are not all accurately quartered, with crankpins at exactly 
the same radius, they will cramp and bind in the connecting-rod 
brasses, until these are distorted or worn loose enough to allow for 
the inaccuracy. If the quartering machine is accurately made, the 
wheels may have their crankpin holes bored in them with perfect con- 
fidence that they will run properly under the locomotive. 

The axle is located by its centers, as in the case of the axle keyseat 
milling machine shown in Fig. 11. On each end of the bed two heads 
are mounted, one on one side and one on the other, adjustable for the 
throw of the crank; each carries a boring spindle as shown. Between 
the wheels are furnished outboard bearings for the boring-bars, per- 
mitting heavy cuts to be taken without vibration or chatter, and with- 
out danger of inaccuracy. The rims of the wheels are clamped to this 
support, as shown, to hold them firmly in position. If the quartering 
of the key ways in the axle, and the slotting of the keyways in the hubs 
of the driving wheel, are properly done, the outlines scribed on the 
crankpin hub at each end can be accurately finished out by this boring 
operation. 

If the wheel cannot be set so that the crankpin holes, as bored by 
the machine, will finish out to the line on each wheel, it is evident 
that the keyway on the hole that does not finish out will be out of 
place, throwing the pin around, and therefore disturbing the relation 
of the return crank which operates the Walschaerts valve gear. A check 
is thus furnished for all preceding operations, so far as they refer 
to the valve gear. It is not expected, and indeed is not found, except 
in rare cases, that the preceding operations have been at fault, but 
wherever they have been, notice is served of the difficulty in time 
to make such corrections as may be required before the engine Is 
assembled. It should be noted that the keyway is filled with a dummy* 
key, approximately fiush with the cored hole, before boring the crank- 
pin seat. The operation is not so hard on the tool as it would be for 
the blade to pass through the open keyway at every revolution. 

It will be seen that the quartering machine is arranged so that 
the boring slides can be mounted on the opposite sides of the heads 
from that shown, if desired. This makes it possible to quarter wheels 
in which the right side leads, as well as those in which the left 
side leads. Engines are now made with the left side leading as 
standard practice, but some of the older designs, which have to be 
reckoned with in repair work, call for the right side leading. Pro- 
vision also has to be made for this in the axle keyseating machine 
shown in Pig. 11. Here it is not so much trouble to change the 
machine over, as the milling heads are simply fed along the slides 
until they have passed each other and are working on the opposite 
ends of the axle. The feed-screws are long enough to permit this. 

Turning the Tires 

Another operation, shown already performed in Fig. 30, Is the 
turning of the tires, which is done in the wheel lathe in which the 
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Plff. 28. Borlnff the Orankpin Holes in the Quartering Machine 




Plir.fii^O. Flnlahlnff the Bnde of a Oanff of Grown Brasses In a Double-spindle MUllnff M a chin e 



Digitized by VjUUQIC 



WHEELS AND AXLES 



25 



tires were bored, in Fig. 16. All passenger locomotive tires are 
turned on centers the last thing before the crankpins are forced in 
place, before the wheels are sent to the erecting floor. On freight 
locomotiyes, which do not run at so high a speed and are not so 
hard on the track, the tires are simply centered very carefully for the 
boring, flnish turning not being required. 
The standard contour for driving wheels on the Pennsylvania 




Fig. SO. The Wheela ready ft>r the Orankplns 




Flff. 81. Forolnff in the Orankplns 

system is shown In Fig. 27, which also gives details as to the road 
and shop Hmits for the height of the flange and the thickness of 
the rim. Whenever one of the flanges wears down below the road 
limit given for dimension A, the wheels are brought into the shop to 
be turned off again. When this has been done so often that another 
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turning would reduce dimension B below that given for the shop 
limit, the tires are scrapped. Whenever dimension B, in service, 
wears below the road limit given for that dimension, the tire is 
scrapped. The measurements for determining dimension B are taken 
from the V-groove shown turned in the outer face of the tire, which 
Is ^ inch below the minimum limit. This groove is cut into the 
tire in the wheel lathe during the turning operation. Dimensions for 
flat tires with the various limits are also given in Fig. 27. 

Driving the Crankplns and Finishing 
Fig. 31 shows the operation of forcing the crankplns into place* 
In this operation the thrust of the ram against the wheel is taken 
care of by backing the latter against the "post," which is adjustable 
to the proper position on the top and bottom tie bars. This gives a 
solid backing for the pressure required to force the pin in place. 
About 0.008 inch allowance for driving is made on a crankpin fit 




Fiff. 32. Method of Testing and Quartering 

of 8 inches in diameter, the pressure required ranging from 75 
to 100 tons. It may be mentioned in this connection that the driving 
pressures for all axle and crankpin fits are recorded at the shops, 
and put on permanent record for use in case of any question arising 
as to the service of the engine on the road. The engraving shows 
the second pin being driven, the first having already been forced into 
place by an identical operation. 

It was stated that an accurate quartering machine will take care 
3f the proper boring of the crankpin holes without requiring any 
anxious thought in this matter on the part of the workman. It is, 
however, well to know how to test the quartering, so as to make sure 
that the machine Is right in the first place, or to make sure that it 
does not for any reason wear out of line as time goes on. B*ig. 32 
shows how this testing is best done. The two wheels on the same 
axle are shown at L and M. 
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The first thing to do is to set the wheel so that crankpin 2f is 
exactly vertical over the center of the axle. This is done, as shown, 
by hanging a double plumb-line over the crankpin and rolling the 
wheel slightly one way or the other until it is located in position 
so that the center of the axle O is exactly equidistant between the 
two lines, or until the crankpin circle, struck with the dividers from 
center 0, just touches the two plumb-lines equally on each side. Of 
course, in locating the center 0, the axle sould be prepared the same 
as is customary for tramming in setting the valves. For this purpose, 
the center hole should be pounded full of lead and a new fine center 
accurately located on it. At the Altoona shops this center is located 
from a proof circle T turned with a sharp pointed tool on each 
end of the axle, while it is still in the axle lathe as shown in Fig. 9. 
By striking with the dividers from this proof circle as shown in the 




Plff. 88. Completed Drivtnff Axle and Drivers for Heavy Pennsylvania 
K-fl ^^rpe Padflc Passenirer Locomotive 

detail P, the center may be accurately located. Where it Is not 
customary to turn a proof circle on the axle end, a ball point divider 
is used to scribe the proof line before the center is plugged up. Arcs 
are struck as shown from this proof circle until they intersect at 
the center, which is then marked with a prick punch. It is more 
accurate, however, to turn the proof circle T at the time the journals 
are turned. 

Having set one side with the pin exactly vertical over the axle 
this way, the other side, shown at M, should be exactly horizontal 
with the center. To prove this, first set up a table having a surface- 
plate R mounted on it. With a precision spirit level, the best obtain- 
able, bring this surface-plate to an accurate horizontal position. Then 
by means of a surface gage, test the center Q of the crankpin and 
of the axle to see if they are the same height. The centers of both 
the pin and axle on this side should, of course, have been filled with 
lead and accurately centered in the same way as previously described. 
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and as shown at P. If the lines on the vertical and horizontal sides 
have been proved to be correct by this method the wheels are properly 
quartered and the machine has done its work properly. 

It is of great importance that the man in charge of the wheel 
work should know that the quartering machine is in good condition. 
If he ia sure of this, he can meet with confidence the various reports 
of inaccuracies and difficulties in this particular that are sure to come 
to him from engines in actual use. He can meet such "kicks" with 
calm assurance, knowing that while something is doubtless the matter, 
it is not the quartering that is at fault. 

The wheel, after being painted, is now ready for the assembling 
floor. The method of construction here described, it will be seen, 
makes use of the ordinary tools of the railroad shop and represents 
"good practice." Attention should be called particularly to the fact 
that fixed gages are used for all the important operations. This 
relates to the diameters of journals and axle fits, the boring of the 
tires, the turning of the wheel centers,. etc., and besides this, as was 
explained, the use of the templet method of marking the keyseat and 
the bore of the crankpin furnishes an automatic check on all of the 
most important operations of the series. 
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CHAPTER II 



DRIVING BOX MANUFACTURE 

Among the great variety of manufacturing operations to be found 
in a locomotive building shop, the making of the main bearing boxes 
is one of those worthy of detailed illustration and description. The 
operations as laid out in the Juniata shops have proved to be efficient 
and accurate, but at the same time inexpensive in the matter of the 
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Fiff. 84. The Main Driving Boxes tor » Heavy Paolflc-type 
Passenger Locomotive 

outlay for special tools and special machinery. Only standard ma- 
chine tools are used on this job, such as find a large range of usefulness 
in the railroad shop. The number of special appliances is reduced 
to a minimum. For this reason the lay-out of the operations requires 
as high a grade of ingenuity as is needed for devising expensive 
special appliances for rapid manufacturing. In the description, we 
will begin with the machining of the various separate parts, proceeding 
therefrom to the assembling and machining of the finished product. 
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The Desifirn of the Drivlncr Box 

A typical locomotive driving box is shown in Fig. 34. This design 
is used on an exceedingly heavy Pacific type locomotive. The box 
is of simple construction, consisting of but two parts, the driving box 
casting itself, A, and the crown brass B, which is driven into place 
in a machined seat where it is pinned by the two brass plugs shown 
at CC. These effectually prevent its loosening under any conditions. 
The cellar D, is indicated by the dotted lines only. The cellar used is 
a patented device of special construction, whose manufacture is a 
separate matter from that of the remainder of the box. It is held in 
place by two pins E. 

This design of driving box has b plain finished face at x for the 
wheel thrust. The wheel itself has a bronze liner, which forms a 
suitable surface for contact with the steel casting face at x. Some 




Flff. 86. Bnlaxffed View showing the Two Inserted Tooth MUls 

of the boxes shown in the following engravings, however, have a 
bronze liner inserted in surface x. Some of these liners are shown 
in Figs. 39 to 42. These are used when the hub of the driving wheel 
is not lined, but is simply faced Lp true on the steel surface. Still 
another method of treating surface x is to groove it out and pour a 
babbitt lining, on which a true bearing surface is faced. The standard 
practice here is to put bronze liners on the boxes, for the reason 
that it is more difficult to replace a liner on a wheel than on a 
box. Furthermore, when mounted on the wteel, the liner detracts 
from the length of the fit between the wheel and axle. This should 
be noted in connection with Figs. 49 and 50. 

MachlninfiT the Crown Brasses 

The first operation on the crown brasses or bearings, which are 
made of phosphor-bronze, is shown in Figs. 29 and 35. They are 
mounted, eight at a time, on long parallels on the bed of a duplex 
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milling machine. An ordinary angle-iron serves to talce the thrust 
of the feeding at the end as shown. The castings are held down on 
the parallels by simple bolts and straps in the central T-slot of the 
table, each strap spanning the distance from the top surface of one 
brass to that of the next. The strap of the first brass has, of 
course, as shown in Fig. 35. to be blocked at the outer end. In setting 
these up, the parallels are first lined up with the T-slot of the table, 
to serve as a gage. Then the separate brasses are put in place with 
the bolts between them, and packed solidly up against one another and 
against the angle-iron at the end, and set so that all of them project 
over the parallel the same distance; this leaves about the same amount 
of metal to be removed from all of them in finishing the ends. As 
each brass is put in place, care is taken to see that it is at right angles 
with the face of the parallels, a square being used for the purpose. 




Flff. 36. Tamtng Two Grown Braaves at once on a Special Arbor 

After being properly set and tightened down in this position, the 
cutter-heads are adjusted to the required distance apart, dividing the 
chip equally between each end of the work. The cut is then taken 
across as shown. 

The next operation is that of turning the outside diameter of the 
brasses for the fit in the seat on the main bearing casting. This is 
done in the engine lathe, as shown in Fig. 36, on a special arbor 
whose details are shown in Fig. 37, and which permits turning two 
at a time. The special advantage of this arrangement is that the two 
brasses are set halfway round from each other on the arbor so 
that the lathe is cutting all the trme. This is not so hard on the 
lathe as is the case when only one is being turned so that the single 
tool is ''cutting wind" half the time. It also gives more rapid pro- 
duction, as two pieces are cut in practically the same time as one with 
former appliances. 

In Fig. 37, which shows details of the device, the arbor carries a 
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fixed flange in the center. The two brasses to be machined are clamped 
against the opposite faces of this flange by nuts and washers. Each, 
it will be seen, is thus clamped in place separately, and either member 
can be loosened without loosening the other. This construction is im- 
perative in the matter of handling these heavy parts and claniping 
them in place in the lathe without the help of a laborer. The brasses 
are clamped on their faced ends, and are supported and lined up 
by means of "cat heads." There are two of these for each brass, and 
each has three bearing points for the inner surface of the work, set 
to line up the periphery properly, so that it will finish out when it is 
bored in place in the main casting. 

Originally it was proposed that a special double carriage lathe be 
provided for this work. All that was found necessary, however, was 
to mount a supplementary slide on the carriage of an old lathe, and 
provide thia with a second toolpost, as shown in Pig. 36. For this 
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Fiff. 87. Details of Special Arbor and Supports used tor Tuning 
Orown Brasses 

work the arrangement is as satisfactory as a more expensive two- 
carriage lathe would be. The total time required for taking roughing 
and finishing cuts on two of these crown brasses is twenty-two 
minutes. 

The final finishing operation on the brasses, before forcing them 
into the bearings, is that of milling the edges to fit the retaining 
lips in the bearings. The form is given these edges by means of two 
formed and relieved milling cutters, as shown in Fig. 38. These are 
both mounted on the arbor, at the same time, with an overhead support 
between them to reduce the chattering. A knee-brace is also used, 
as shown. The work is clamped down to V^blocks, each of which ia 
provided with a hole for the passage of the bolt for^ clamping them 
in place, there being a bolt between each adjoining pair of brasses. A 
gage is provided of the exact contour of the outside and edge of the 
work, to which the brasses must fit after this cut has been taken. 



Digitized by VjOOQIC 



DRIVING BOXES 



33 



Allowance is made in this gage for the extra stock required for the 
force fit for assembling them in the bearings. The time required 
for each brass on this milling operation is seven minutes. 

Operations on the Bronze Thrust Liner 

As previously explained, most driving boxes are provided with 
bronze thrust liners. The first operation required on these liners 
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Plff. 80. Pacing the Bronse Llnera tor the Hub Bearing, on a Faceplate 
provided with Special Jaws 

is shown in Fig. 39. This consists in facing the two sides of the 
phosphor-bronze liner casting. For this work the faceplate of an 
old lathe was equipped with the simple appliance shown. These 
appliances consist of three chuck jaws for gripping the outside of 
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the casting, an adjustable support or apreader for keeping the ends 
from springing together (as shown, this is operated by a right- and 
left-hand screw), and a three-bearing centering support in the inside 
of the casting, clamped in place by the central nut and washer. These 
simple devices hold the liner firmly in place for facing off front and 
back. One chip only is taken on the back side, with one roughing 
and one finishing chip for the bearing side of the liner. 

In Pig. 40, the next operation on the liners (that of turning the 
outside) is shown. This is done on the table of the boring mill 
without special fixtures. The boring mill has a great advantage over 
the lathe, where work is to be done in stacks, as in this case. It is 
possible to locate the work and clamp it in place without difficulty, as 
there is no tendency for it to fall off the faceplate onto the fioor while 
it is being set and clamped. 

The top liner of this pile has been scribed with a templet to thid 
outline desired. This outline is set so as to run concentric with 
the tool point, and the pile is squared up on its outside edges to 
match it, so that they all finish out alike. This operation includes 
two cuts, one roughing and one finishing. 

The next operation consists in machining out the interior outline 
of the liner. This is also done in multiple, a stack of thirty-two 
being machined at once in the case shown in Fig. 41. As before, 
the upper liner has had the desired outline scribed upon it, and the 
circular interior surface or edge has been centered with the axis 
of rotation of the work-table, the whole pile being carefully lined 
up with this upper piece by means of a square, set on the table. The 
work being thus clamped in place, the Jaws and lip are first finished 
out to the required outline (see Fig. 41), and then, as shown in Fig. 42, 
the rotary feed is applied, and the inner circle is cut out to the desired 
radius. 

First Operations on the Driving Box 

The first operation on the main driving box itself consist in ma- 
chining out the fit for the crown brass. This operation is done on the 
circular table of the slotting machine, as shown in Fig. 43. The 
table having been set so that the tool point gives the proper radius, 
the work is mounted square with the table, and in a position which 
permits the interior to be machined out, allowing stock all around as 
well, as determined by a templet laid on the upper surface. The 
diameter of the crown brass fit. and the depth of cut at the retaining 
lips are made to match a templet having the exact contour of the 
crown brass, with suitable allowance for the force fit. 

While set up in the slotter for the operation shown in Fig. 43, 
the workman scribes a line with the surface gage on .the face of the 
casting on each side, at the same height all around. This line is 
used for the next operation, shown in Fig. 44, which is that of facing 
the back of the casting in the boring mill. This is being done in the 
nearest of the three mills shown. By setting the casting up to the 
scribed lines, the squareness of the facing with the seat for the crown 
brass is assured. The bearing is then turned over onto this faced 
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seat and the outer face with the recess for the liner is machined. 
Where babbitted thrust surfaces are to be used, this surface is grooved 
for retaining the babbitt. The total time required for facing both 
sides, including counterboring and grooving, is two hours. 

The work is slotted in this manner before facing, for the reason that 
the slotting is the vital operation, and the one where there is the 
greatest liability of not having stock enough to finish out. At the 
same time the facing, when it is to be counterbored for a bronze liner, 
must be concentric with the crown brass fit. For this reason it is 
safest to slot out the fit as the first operation. 

liSsrlnff-off and Planing the Bearing^s 

The first assembling operation is that of forcing the crown brass 
into the bearing. This is done under the hydraulic press as shown 
in Pig. 45. The crown brass is driven in at this time, before the 
planing operations, for the reason that the pressure of forcing the 
brass into place springs the bearing casting somewhat, so that it 
would not be safe to machine it beforehand. The workman consumes 
about nine minutes per piece in this operation. The castings with 
the brasses in place are liow taken to the laying-o£t table, where, by 
means of a templet located by the projecting outside edge of the crown 
brasses, a line is scribed across the front face of the bearing. This 
is used in setting up in the operation of planing out the shoe and 
wedge fits for the frame pedestal. 

For this operation, the work is set up on the planer table, as 
shown in Fig. 46. A large rectangular box casting forming a sort 
of angle-plate is clamped to the middle of the planer table, with its 
sides parallel to the ways. To each face of this casting are bolted 
and strapped six bearing castings as shown. Each of these is shimmed 
up from the table so that the line scribed in the laying-out operation 
just mentioned, is parallel with the platen, and at the same distance 
from the top of the table on all the castings, as shown by the surface 
gage. When the bearing castings have been set up on each side of 
the double angle-plate in this way, the grooves for the shoe and wedge 
fits on each side are planed to the proper width and distance from 
the front face, and to the proper height from the reference lines 
scribed by the templet. 

The groove for the shoe and wedge fit, of course, is tapered 3/16 
inch from each side as shown in Fig. 34, to allow the locomotive 
frames to rock on the springs without cramping the boxes. To obtain 
this double taper, each of the bearings is next loosened from position 
while a parallel shim of the proper thickness is inserted between 
it and the face of the angle-plate, at what will be the lower end when 
it is in place on the locomotive. They* are then all clamped down 
again in this position while the planer tools rough out one-half the 
taper on each side of the slot of each casting. Then the castings 
are again loosened up while the shim is removed and changed so 
as to block out the work at what will be the top end of the casting. 
The work being again clamped down into place, the reverse taper on 
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each side of each slot is worked out This finishes the slots on one 
side. 

In the next operation the bearings are all turned over and the 
shoe and wedge fit slots planed on the other side. In this case there 
is no packing underneath them, nor elaborate setting to be done, 
as they are simply clamped against the face of the double angle-plate 
and are squared up by resting on parallels placed between the finished 
shoe and wedge fit and the top of the table. As before, the double taper 
to permit the rocking of the engine on the axles and the springs is 
effected by shimming out first one edge of the box and then the other, 
on the double angle-plate. The total time on each bearing casting 
for planing the shoe and wedge fits, with the tapers for the rocking 
motion, is about three hours. 

Miscellaneous Operations 
Each box has now to be laid out accurately for the cellar fit, and 
for boring the crown brasses. This is done by the use of the templet 




Ptff. 47. Laying out tbe Oellar-flt and Bore on the Bearings 

and scratching gage shown In Fig. 47. The face of the scratching 
srage, shown at A, is laid against the bottom of the finished surface 
of the shoe and wedge fit, while a line is scratched with the scriber 
along the knife edge B on the face of the box liner. Templet M is 
then laid on the face of the casting, and lined up by the mark just 
scribed. The scriber is again brought into play, and the lines for the 
bore and for the cellar fit are drawn on the face of the bearing. 

In Fig. 48 one of the bearing castings is shown mounted on the 
table of the slotter for machining the cellar fit. It is mounted 
on parallels, of course, to allow clearance for the slotting tool. This 
machining operation simply consists In slotting to the lines scribed 
by the templet, and to the proper width to fit the cellars. This opera- 
ion, on a large bearing, takes about one and one^alf hour. 

The next operation consists of facing the thrust surface, if babbitt is 
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to be used, or in driving the liner into place if a phosphor-bronze 
surface is desired. This having been done, the face of the bearing 
is finished off in the boring mill. This iB being done in the middle 
machine of the three shown in Fig. 44, which happens to be at work 
on an engine truck bearing instead of a main bearing. The time re- 
quired for this operation is about nine minutes per piece. 

A variety of holes for different purposes have to be drilled in the 
bearing, with its liner, crown brasses and cellar, which is now fitted 
into place. These various holes (oil holes, bolt holes, dowel holes 
for retaining lining, etc.), require about three and one-half hours 
complete. This varies somewhat, depending on whether hard grease 
or oil lubrication is to be used. 

Boring the Boxes 

The next and final operation is that of boring out the bearings. 
This is done in a double-table boring machine, as shown in Figs 4D 




Fig. 48. Machining the Cellar-fit in the Blotter 

and 50. It might be asserted, in connection with the opening remarks 
of this chapter, that this is a special machine. It is so in a sense, 
as it has a number of special features, consisting principally in the 
extended length of table used, and in providing tw^o tables instead 
of one, with an intermediate bushing support. But these features 
are as applicable and useful in everyday boring practice, where a 
number of small or medium sized parts have to be handled, as for 
this particular work; so it is hardly fair to call this a special boring 
machine for this particular work. 

As shown in Fig. 49, four bearings are bored at once, with a 
multiple blade boring-bar. The tables are long enough so that while 
this operation is in progress the workman can be removing and 
replacing four other pieces of work at the other end of the tables. 
There is thus little or no lost time in the operation of the machine. 
The workman is kept busy. 
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Flff. 49. The Last Operation. Plnlsblngr the Bearings on the Borln? Machine. 
Note use of Air Drill fbr Traversinir Double Table 




Fig. 50 The Work Completed. Finished Beanngrs veady tor Removal from Boring^BCachtne 
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As is also shown in Fig. 60, the work is clamped down onto parallels 
in the shoe and wedge slots, and it is located as well against 
parallels extending lengthwise of the tables for squaring up the work 
with the spindle of the machine. The lines scribed by templet M 
in Fig. 47 are relied on for setting the table of the machine to the 
proper height in beginning a lot of bearings, and also in adjusting 
each particular bearing to the proper position on the table. For 
this, measurements are taken from the end of the table to the scribed 
line on the face of each bearing, and all are made uniform. 

Fig. 49 also shows another ingenious feature — namely, the use of 
an air drill in trayerslng the table from one extreme to the other,, 
when changing from a finished to a rough set of castings. This 
distance is so long as to be tedious, when a change is made by hand. 
By hitching an air drill to the cross-feed, however, it is shifted 
very rapidly and easily. 

This operation of boring the boxes is performed at the rate of 
fifty-five minutes per box. This includes rounding the corners of 
the bearing, as shown, and also the boring out of the cellar to the 
same radius and the same round. The completed work is shown 
in the foreground of Fig. 50. This is the last operation. At its 
conclusion the bearings are ready for assembling in the finished loco- 
motive. 

The time given on the various operations takes account of setting 
up the machine, taking measurements, and all other necessary but 
"non-productive" periods. 
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OUTLINE OP A COURSE IN SHOP AND DRAFTINQ-ROOM 

MATHEMATICS, MECHANICS, MACHINE DESIGN 

AND SHOP PRACTICE 

Any intelligent man engaged in mechanical work can acquire a well-rounded 
mechanical education by using as a guide in his studies the outline of the 
course in mechanical subjects given below. The course is laid out so as to 
make it possible for a man of little or no education to go ahead, beginning 
wherever he finds that his needs begin. The course is made up of units so that 
it may be followed either from beginning to end; or the reader may choose 
any specific subject which may be of especial Importance to him. 



Preliminary Course in Arithmetic 
Jig Sheets 1A to 6A: — Whole Num- 
bers: Addition, Subtraction, Multi- 
plication, Division, and Factoring. 

Jio Sheets 6A to 15 A: — Common 
Fractions and Decimal Fractions. 

Shop Calculations 

Reference Series No. 18. Shop 
Arithmetic for the Machinist. 

Reference Series No. 62. Advanced 
Shop Arithmetic for the Machinist. 

Reference Series No. 53. Use of 
Logarithmic Tables. 

Reference Series Nos. 54 and 55. 
Solution of Trianole.s. 

Data Sheet Series No. 16. Mathe- 
matical Tables. A book for general 
reference. 

Drafting-room Practice 
Reference Series No. 2. Drafting- 
room Practice. 

Reference Series No. 8. Working 

Drawings and Drafting-room Kinks. 

Reference Series No. 33. Systems 

AND Practice of the Drafting-room. 

Oeneral Shop Practice 

Reference Series No. 10. Examples 
of Machine Shop Practice. 

Reference Series No. 7. Lathe and 
Planer Tools. 

Reference Series No. 25. Drep Hole 
Drilling. 

Reference Series No. 38. Grinding 
and Grinding Machines. 

Reference Series No. 48. Files and 
Filing. 

Reference Series No. 32. Screw 
Thread Cutting. 

Data Sheet Series No. 1. Screw 
Threads. Tables relating to all the 
standard systems. 

Data Sheet Series No. 2. Screws. 
Bolts and Nuts. Tables of standards. 

Data Sheet Series Nos. 10 and 11. 
Machine Tool Operation. Tables re- 
lating to the operation of lathes, screw 
machines, milling machines, etc. 

Reference Series Xos. 50 and 51. 



Principles and Practice of Assem- 
bling Machine Tools. 

RjBference Series No. 57. Metal 
Spinning. 

Jiirs and Fixtures 

Reference Series Nos. 41, 42 and 43. 
Jigs and Fixtures. 

Reference Series No. 3. Drill Jigs. 

Reference Series No. 4. Milling 
Fixtures. 

Punch and Die Work 

Reference Series No. 6. Punch and 
Die Work. 

Reference Series No. 13. Blanking 
Dies. 

Reference Series No. 26. Modern 
Punch and Die Construction. 

Tool Making 

Reference Series No 64. Gage 
Making and Lapping. 

Reference Series No. 21. Measur- 
ing Tools. 

Reference Series No. 31. Screw 
Thread Tools and Gages. 

Data Sheet Series No. 3. Taps and 
Threading Dies. 

Data Sheet Series No. 4. Reamers, 
Sockets, Drills, and Milling Cutters. 

Hardening and Tempering 
Reference Series No. 46, Harden- 
ing AND Tempering. 

Reference Series No. 63. Heat 
Treatment of Steel. 

Blacksmith Shop Practice 
and Drop Forging 

Reference Series No. 44. Machine 
Blacksmithing. 

Reference Series No. 61. Black- 
smith Shop Practice. 

Reference Series No. 45. Drop Forg- 
ing. 

Automobile Construction 

Reference Series No. 59. Machine.s. 
Tools and Mktiiods ok Automobile 
Manufacture. 

Reference Series No. 60. Construc- 
tion AND Manufacture of Automo- 
iiir.Es. 
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Theoretical Mechanics 
Reference Series No. 5. First Prin- 
ciples OF Theoretical Mechanics. 

Reference Series No. 19. Use of 
Formulas in Mechanics. 

Qearlner 

Reference Series No. 15. Spur 
Gearing. 

Reference Series No. 37. Bevel 
Gearing. 

Reference Series No. 1. Worm 
Gearing. 

Reference Series Xo. 20. Spiral 
Gearing. 

Data Sheet Series No. 5. Spur 
Gearing. General reference book con- 
taining tables and formulas. 

Data Sheet Series No. 6. Bevel, 
Spiral and Worm Gearing. General 
reference book containing tables and 
formulas. 

General Machine Deslgrn 

Reference Series No. 9. Designing 
AND Cutting Cams. 

Reference Series No. 11. Bearings. 

Reference Series No. 56. Ball 
Bearings. 

Reference Series No. 58. Helical 
AND Elliptic Springs. 

Reference Series Xo. 17. Strength 
OF Cylinders. 

Reference Series Xo. 22. Calcula- 
tions OF Elements ok Machine De- 
sign. 

Reference Series No. 24. Examples 
OF Calculating Designs. 

Reference Series No. 40. Fly- 
wheels. 

Data Sheet Series No. 7. Shafting, 
Keys and Keyways. 

Data Sheet Series No. 8. Bearings, 
Couplings, Clutches, Crane Chain 
AND Hooks. 

Data Sheet Series No. 9. Springs, 
Slides and Machine Details. 

Data Sheet Series No. 19. Belt, 
Rope and Chain Drives. 

Machine Tool Deslgrn 
Reference Series Xo. 14. Details 

of Machine Tool Design. 

Reference Series No. 16. Machine 

Tool Drives. 

Crane Design 

Reference Series Xo. 23. Theory of 
CuANK Dksign. 

Reference Series No. 47. Design 
OK Electric Overhead Cranes. 

Reference Series No. 49. Girders 
FOR p;]lk(tric Overhead Cranes. 



Steam and Gas Engrine Deslgrn 

Reference Series Nos. 67 to 72, in- 
clusive. Steam Boilers, Engines, 
Turbines and Accessories. 

Data Sheet Series No. 15. Heat. 
Steam. Steam and Gas Engines. 

Data Sheet Series No. 13. Boilers 
AND Chimneys. 

Reference Series No. 65. Formulas 
AND Constants for Gas Engine De- 
sign. 

Special Course in Locomotive Design 
Reference Series Xo. 27. Boilers, 

Cylinders, Throttle Valve. Piston 

AND Piston Rod. 
Reference Series No. 28. Theory 

AND Design of Stephenson and Wal- 

BCHAERTS VaLVE MoTION. 

Reference Series No. 29. Smoke- 
box, Frames and Driving Machinery. 

Reference Series No. 30. Springs, 
Trucks, Cab and Tender. 

Data Sheet Series No. 14. Locomo- 
tive and Railway Data. 

Dynamos and Motors 
Reference Series No. 34. Care and 
Repair of Dynamos and Motors. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation, 
and Miscellaneous Tables. 

Reference Series Nos. 73 to 78, in- 
clusive. Principles and Applications 
OF Electricity. 

Heatlnfir and Ventilation 
Reference Series No. 39. Fans, 

Ventilation and Heating. 

Reference Series No. 66. Heating 

AND Ventilating Shops and Offices. 
Data Sheet Series No. 20. Wiring 

Diagrams, Heating and Ventilation, 

AND Miscellaneous Tables. 

Iron and Steel 

Reference Series No. 36. Iron and 
Steel. 

Reference Series No. 62. Testing 
the Hardne.s.s and Durability of 
Metals. 

General Reference Books 

Reference Series No. 35. Tables 
AND Formulas for Shop and Draft- 
ing ROO.M. 

Data Sheet Series No. 12. Pipe and 
Pipe Fittings. 

Data Sheet Series No. 17. Mecha.n- 
Ks AND Strength ok Materials. 

Data Sheet Series No. 18. Beam 
Formulas and Structural Design. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation 
and Miscellaneous Tables. 
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Ho. 3f . Fans, Tentilatioii and Keating'. 

—Fans; Heaters; Shop Heating. 

Mo. 40. Fly- Wheels. — T li e 1 r Purpose, 
Calculation and Design. . 

Ho. 41. Jign and Flztnree, Part I. — 
Principles of Jig and Fixture Design; 
Drill and Boring Jig Bushings; Locating 
Points; Clamping Devices. 

Ho. 49. Jlgfl and Fixtures, Part II.— 
Open and Closed Drill Jigs. 

Ho. 43. Jigv and Fixtures, Part III. — 
Boring and Milling Fixtures. 

Ho. 44. Machine Blacksmithing. — Sys- 
tems, Tools and Machines used. 

Ho. 45. Brop Forging. — ^^ Lay-out of 
Plant; Methods of Drop Forging; Dies. 

Ho. 46. Hardening and Tempering. — 
Hardening Plants: Treating High-Speed 
Steel: Hardening Oages; Hardening 
Kinks. 

Ho. 47. Blectrie Overhead Cranes. — 
Design and Calculation. 

Ho. 48. Files and Filing. — Types of 
Files; Using and Making Files. 

Ho. 49. Oirders for Electric Overhead 
Cranes. 

Ho. 50. Frinoiples and Fraotioe of As- 
sembling Machine Tools, Part I. 

Ho. 51. Frinoiples and Practice of As- 
sembling Machine Tyols, Part II. 

Ho. 52. Advanced Shop Arithmetic for 
the Machinist. 

Ho. 53. Vse of X^ogarithms and Zkogar- 
ithmio Tables. 

Ho. 54. Bolntion of Triangles, Part I. 
— Methods, Rules and Examples. 



Ho. 65. Solution of Triangles, Part II. 
— Tables of Natural Functions. 

Ho. 56. Ball Bearings. — Principles of 
Design and Construction. 

Ho. 57. Metal Spinning. — M a c h 1 n e s, 
Tools and Methods Used. 

Ho. 58. Helical and EUiptio Springs.— 
Calculation and Design. 

Ho. 59. Machines, Tools and Methods 
of Automobile Manufacture. 

Ho. 60. Construction and Manufacture 
of Automobiles. 

Ho. 61. Blacksmith Shop ,Fractice. — 

Model Blacksmith Shop; Welding: Forg- 
ing of Hooks and Chains: Miscellaneous 
Appliances and Methods. 

Ho. 62. Hardness and Burability Test- 
ing of Metals. 

. Ho. 63. Heat Treatment of Steel. — 

Hardening, Tempering and Case-Harden- 
ing. 

Ho. 64. Oage Making and trapping. 
Ho. 65. Formulas and Constants for 
Oas Bngine Design. 

Ho. 66. Beating and YentUatioa of 
Shops and Offices. 

Ho. 67. Boilers. 

Ho. 68. Boiler Furnaces and Chim- 
neys. 

Ho. 69. Feed Water Appliances. 

Ho. 70. Steam Sngines. 

Ho. 71. Steam Turbines. 
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Ho. 73. Principles and Applications of 
Blectricity, Part I. — Static Electricity; 
Electrical Measurements; Batteries. 

Ho. 74. Principles and Applications of 
Bleotricity, Part II. — Magnetism; Elec- 
tro-Magnetism; Electro-Plating. 

Ho. 75. Principles and Applications of 
Bleotricity, Part III. — Dynamos; Motors; 
Electric Railways. 

Ho. 76. Principles and Applications of 
Electricity, Part IV.-— Electric Lighting. 

Ho. 77. Principles and Applications of 
Electricity, Part V. — Telegraph and Tele- 
phone. 

Ho. 78. Principles and Applications of 
Bleotricity, Part VI. — Transmission of 
Power. 

Ho. 79. X^ocomotive Building, Part I. — 
Main and Side Rods. 

Ho. 80. X^ocomotive Building, Part II. 
— Wheels; Axles; Driving Boxes. 



Ho. 81. X^oomotiTe BuUding, Part III. 
— Cylinders and Frames. 

Ho. 88. BocomotiTe Building, Part IV. 
— Valve Motion and Miscellaneous De- 
tails. 

Ho. 83. ZkocomotiTe Building, Part V 
— Boiler Shop Practice. 

Ho. 84. ZkooomotiTe Building, Part VI 
— Erecting. 

Ho. 85. Mechanical Drawing, Part I. 
— Instruments; Materials; Geometrical 
Problems. 

Ho. 86. Xeohanical Drawing, Part II, 
— Projection. 

Ho. 87. ICeclianical Drawing, Part III. 
— Machine Details. 

Ho. 88. Mechanical Drawing, Part IV. 
—Machine Details. 

Ho. 89. The Theory of Shrinkage and 
Poroed Pits. «i«i** ana 

Ho. 90. BaUway Bepair Shop Practice. 



MACHINERY'S DATA SHEET SERIES 

Machinery's Data Sheet Books Include the well-known series of Data Sheets 
originated by Machinery, and issued monthly as supplements to the publication; 
of these Data Sheets over 500 have been published, and 6,000,000 copies sold. Re^ 
vised and greatly amplified, they are now presented in book form, kindred sub- 
jects being grouped together. The purchaser may secure either the books on 
those subjects in which he is specially interested, or, if he pleases, the whole set at 
one time. The price is 25 cents a book. Digitized by VjUU VIC 
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Ho. 1. Screw Tlireads. — United Stales, 
Whitworth, Shiarp V- and British Associa- 
tion Standard Tlireads; Briggs Pipe 
Thread; Oil Well Casing Gages; Fire Hose 
Connections; Acme Thread: Worm 
^Threads; Metric Threads; Machine, Wood, 
"and Lag Screw Threads; Carriage Bolt 
Threads, etc. 

Ho. a. Screws, Bolts and Huts. — Fil- 
lister-head, Square-head, Headless, Col- 
lar-head and Hexagon-head Screws; Stand- 
ard and Special Nuts; T-nuts, T-bolts and 
Washers; Tliumb Screws and Nuts; A. L. 
A. M. Standard Screws and Nuts; Machine 
Screw Heads; Wood Screws; Tap Drills; 
Lock Nuts; Eye-bolts, etc. 

Ho. 3. Taps and Bies. — Hand, Machine, 
Tapper and Machine Screw Taps; Taper 
Die Taps; Sellers Hobs; Screw Machine 
Taps; Straight and Taper Boil3r Taps; 
Stay-bolt, Washout, and Patch-bolt Taps; 
Pipe Taps and Hobs; Solid Square, Round 
Adjustable and Spring Screw Threading 
Dies. 

Ho. 4. Beamers, Sockets, Drills and 
MilUnff Cutters. — Hand Reamers; Shell 
Reamers and Arbors; Pipe Reamers; Taper 
Pins and Reamers; Brown & Sharpe, 
Morse and Jarno Taper Sockets and Ream- 
ers; Drills; Wire Gages; Milling Cutters; 
Setting Angles for Milling T^eth In End 
Mills and Angular Cutters, etc. 

Ho. 5. Spur CKearlnff. — Diametral and 
Circular Pitch; Dimensions of Spur Gears; 
Tables of Pitch Diameters; Odontograph 
Tables; Rolling Mill Gearing; Strength of 
Spur Gears; Horsepower Transmitted by 
Cast-iron and Rawhide Pinions; Design of 
Spur Gears; Weight of Cast-iron Gears; 
Epicyclic Gearing. 

Ho. 6. Bevel, Spiral and Worm Oear- 
ing. — Rules and Formulas for Bevel 
Gears; Strength of Bevel Gears; Design 
of Bevel Gears; Rules and Formulas for 
Spiral Gearing; Tables Facilitating Calcu- 
lations; Diagram for Cutters for Spiral 
Gears; Rules and Formulas for Worm 
Gearing, etc. 

Ho. 7. SlLtoftinflT, Heys and Heywajs. — 
Horsepower of Stiafting; Diagrams and 
Tables for the Strength of Shafting; 
Forcing, Driving. Shrinking and Running 
Fits; Woodruff Keys; United States Navy 
Standard Keys; Gib Keys; Milling Key- 
ways; Duplex Keys. 

Ho. 8. Bearing's, Oouplin^s, Olntches, 
Crane Chain and Sooks. — Pillow Blocks; 
Babbitted Bearings; Ball and Roller Bear- 
ings; Clamp Couplings; Plate Couplings; 
Flange Couplings; Tooth Clutches; Crab 
Couplings; Cone Clutches; ITniversal 
Joints; Crane Chain; Chain Friction; 
Crane Hooks; Drum Scores. 

Ho. 9. SprinsrSf Slides and Machine 
Betails. — Formulas and Tables for Spring 
Calculations; Machine Slides; Machine 
Handles and Levers; Collars; Hand 
Wheels; Pins and Cotters; Turn-buckles, 
etc. 

Ho. 10. Motor Drive, Speeds and Feeds, 
Chansre CKearing, and Boring Bars. — Power 
required for Machine Tools; Cutting 
Speeds and Feeds for Carl)on and High- 
speed Steel; Screw Marliine Speeds and 
Feeds; Heat Treatment of High-speqd 



Steel Tools; Taper Turning; Change Gear- 
ing for the Lathe; Boring Bars and Tools, 
etc. 

HO. 11. Millinir Machine Indexing-, 
Clampinff Devices and Planer Jacks. — 
Tables for Milling Machine Indexing; 
Change Gears for Milling Spirals; Angles 
for setting Indexing Head when Milling 
Clutches; Jig Clamping Devices; Straps 
and Clamps; Planer Jacks. 

Ho. 12. Pipe and Pipe Pittinfrs. — Pipe 
Threads and Gages; Cast-iron Fittings; 
Bronze Fittings; Pipe Flanges; Pipe 
Bends; Pipe C imps and Hangers; Dime^^- 
sions of Pipe for Various Services, etc. 

Ho. 13. Boilers and Chimneys. — ^Flue 
Spacing and Bracing for Boilers; Strength 
of Boiler Joints; Riveting; Boiler Setting; 
Chimneys. 

Ho. 14. locomotive and Bailway Data. 
— Locomotive Boilers; Bearing Pressures 
for Locomotive Journals; Locomotive 
Classifications; Rail Sections; Frogs, 
Switches and Cross-overs; Tires; Tractive 
Force; Inertia of Trains; Brake Levers; 
Brake Rods, etc. 

Ho. 15. Steam and CNts Engines. — Sat- 
urated Steam; Steam Pipe Sizes; Steam 
Engine Design; Volume of Cylinders; 
Stuffiing Boxes; Setting Corliss Engine 
Valve Gears; Condenser and Air Pump 
Data; Horsepower of Gasoline Engines; 
Automobile Engine Crankshafts, etc. 

Ho. 16. Mathematical Tables. — Squares 
of Mixed Numbers; Functions of Frac- 
tions; Circumference and Diameters of 
Circles; Tables for Spacing off Circles; 
Solution of Triangles; Formulas for Solv- 
ing Regular Polygons; Geometrical Pro- 
gression, etc. 

Ho. 17. Mechanics and Strength of Ma- 
terials. — Work; Energy; Centrifugal 
Force; Center of Gravity; Motion; Fric- 
tion; Pendulum; Falling Bodies; Strength 
of Materials; Strength of Flat Plates; 
Ratio of Outside and Inside Radii of 
Thick Cylinders, etc. i 

Ho. 18. Beam Formmas and Structural 
Desifirn. — Beam Formulas; Sectional Mod- 
uli of Structural Shapes; Beam Charts; 
Net Areas of Structural Angles; Rivet 
Spacing; Splices for Channels and I- 
beams; Stresses In Roof Trusses, etc. 

Ho. 19. Belt, Hope and Chain Drives.^ 
Dimensions of Pulleys; Weights of Pul- 
leys; Horsepower of Belting; Belt Veloc- 
ity; Angular Belt Drives; Horsepower 
transmitted by Ropes; Sheaves for Rope 
Drive; Bending Stresses in Wire Ropes; 
Sprockets for Link Chains; Formulas and 
Tables for Various Classes of Driving 
Chain. 

Ho. 20. Wiring* Diagrams, Keating and 
Ventilation, and Miscellaneous Tables. — 
Typical Motor Wiring Diagrams; Resist- 
ance of Round Copper Wire; Rubber Cov- 
ered Cables; Current Densities for Vari- 
ous Contacts and Materials; Centrifugal 
Fan and Blower Capacities; Hot Water 
Main Capacities; Miscellaneous Tables: 
Decimal E<iulvalents, Metric Conversion 
Tables, Weights and Specific Gravity of 
Metals, Weights of Fillets, Drafting-room 
Conventions, etc. 



Machinery, the monthly mechanical journal, originator of the Reference and 
Data Sheet Series, is published in four editions — the Shop Edition^ $1.00 a year; 
the Engineering Edition, $2.00 a year; the Railway Edition, $2.00 a year, and the 
Foreign Edition, $3.00 a year. 

The Industrial Press, Publishers of Machinery, j 

49-66 La&yette Street, New York Oity.llVa A. 
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